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INTRODUCTION 
Certain aspects of chemical composition are accepted as 
series criteria; however, many aspects of chemical composition 
remain to be tested as to their usefulness as series criteria. 
Earlier work has indicated that non-replaceable magnesium con­
tent of the clay fraction may be closely related to weather­
ing of soils. However, it has not been established that mag­
nesium content is an acceptable criterion for series differ­
entiation. Nevertheless, magnesium content may be a most 
useful criterion for studying soil development processes and 
classification of soils. 
A criterion is useful for soil classification if it is 
diagnostic and if it can be determined readily. The newer, 
more rapid methods of silicate analyses may be exploited to 
collect data in sufficient quantity for use in soil classifi­
cation at this time. 
This study was undertaken to further elucidate some 
of the questions concerning the usefulness of chemical com­
position, particularly magnesium content, in soil genesis 
and classification. More specifically the answers were 
sought from the nonexchangeable magnesium content of the 
less than 0.001 mm fraction in the B horizon of maximum clay 
accumulation. The study was further restricted to loess-
derived soils and stable landscape sites to reduce the vari-
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bllity of parent material and time factors of soil formation. 
In addition to soil samples from Iowa, soil samples were 
included from eastern Nebraska, central Illinois, northern 
Missouri, eastern Kentucky and eastern Tennessee. The inclu­
sion of these soil samples extended the range of the climatic 
factor of soil formation. 
Seven profiles were analyzed in depth. These seven pro­
files provided the range in soil development between the Mis­
souri and Mississippi rivers. 
More specifically, some of the questions considered in 
this study are: 
1. Does magnesium content in the <0.001 mm fraction 
correlate with various soil forming factors? 
2. Is magnesium content of the <0.001 mm fraction a 
useful datum for series separation? 
3.  What are some of the possible explanations for the 
magnesium profile? 
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BACKGROUND 
Magnesium can be an integral part of the lattice of cer­
tain silicate clays, occupying an octahedral position. In 
this form Mg is relatively inert chemically and can be con­
sidered as nonexchangeable. Exchangeable Mg is an important 
cation on the exchange complex of Iowa soils. Therefore, 
literature pertinent to this study on exchangeable and non-
exchangeable Mg will be reviewed. 
Magnesium and Soil Development 
In this discourse the three terms, replaceable, exchange­
able and extractable will be considered as synonymous. These 
terms have been used in about this order in the literature. 
Bray and DeTurk (12) surveyed values of replaceable Mg in 
the B horizons of well drained forest-formed soils of Illi­
nois. They pointed out that wherever the pH dropped below 5 
replaceable Mg exceeded replaceable Ca, measured as milligram-
equivalents, except in three of 25 cases. Conversely, when 
the pH was greater than 5» Ca exceeded Mg, with only three 
exceptions in 43 cases. 
Bray (11) used percent Mg in the clay fraction as an 
index of soil development. He listed individual soil horizons 
in decreasing content of Mg and proposed various stages of 
development on this basis. 
Ulrich (75) has shown that with increasing development of 
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soils on nearly level landscape positions the exchangeable Ca 
to exchangeable Mg ratio increased, but this was due to de­
creasing Ca rather than increasing Mg. 
White and Eiecken (86) pointed out that the exchangeable 
Ca/Mg ratio in the B horizon was smallest in the Gray-Brown 
Podzolic soils, intermediate in the transitional soils, and 
greatest in the Brunizem soils of a biosequence in eastern 
Iowa. 
Cain and fiiecken (18) compared the Gray-Brown Podzolic 
(the Fayette-Clinton-Weller) sequence with the prairie-formed 
Brunizem sequence (Tama-Otley-Grundy), and noted that the for­
mer had lower Ca/Mg ratios. 
Barshad (4) observed that in acid soils the exchangeable 
Ca/Mg ratio decreased with increased acidity. This, he 
pointed out, is an anomaly because Mg is more readily replace­
able by H than is Ca. Barshad considered that H replaces Mg 
from the octahedral clay layers thus replenishing the ex­
changeable Mg while exchangeable Ca was being removed. On 
this basis, a direct relationship between exchangeable and 
nonexchangeable Mg might be expected. 
Clay Formation in the Midwest Loess Region 
Button (41) showed that in southwest Iowa horizonation 
increased from the northwest to the southeast. Mechanical 
analyses data indicated clay maximums were near the surface in 
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the Monona and were much deeper for the Marshall and Sharps-
burg soils. The Grundy and Seymour series had clay maximums 
at shallower depths than the Sharpsburg series. 
Ulrich (76) ,  working with loess derived soils on nearly 
level topography, showed that clay content increased, and 
depth to maximum clay content decreased, from northwest to 
the southeast in southwest Iowa. The data on the <0.06 micron 
clay suggest increasing formation, movement and accumulation 
along the traverse. 
Poth and Riecken (34) published clay curves showing clay 
maximums at or near the surface in the Moody and Galva series 
of northwest Iowa. 
White and Riecken (86) published clay curves for the 
Weller and Fayette biosequences. They showed greatest hori-
zonation in the Gray-Brown Podzolic soils and least in the 
associated Brunizems. 
Cain and Riecken (18) found increased horizonation in 
the forested PianosoIs on a traverse from the northwest to the 
southeast in southeastern Iowa. 
Russell and Haddock (63)  from data of thermal analysis 
concluded that montmorillonite was the dominant clay mineral in 
Iowa soils. Hanway et al. (39) found by X-ray analysis that 
montmorillonite was the dominant clay mineral in Iowa soils. 
Work on the horizon of maximum clay accumulation by Wells (84) 
has shown that montmorillonite is the dominant clay mineral 
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in Iowa loess derived soils. 
Glenn et (35)  calculated that the decrease in the 
amount of the silt fraction of density greater than 2.66 g 
per cubic centimeter (found to be composed mainly of biotite, 
chlorite and amphiboles) in going from the calcareous hori­
zons toward the soil surface approximately equalled the in­
crease in montmorillonite of the soil. 
Brophy (14) in studying the Sangamon weathering profiles 
found that the base of the zone of clay enrichment coincided 
with the base of the montmorillonite zone and base of the zone 
of maximum depletion of hornblende and garnet. 
Some of the more theoretical aspects of clay formation 
will now be briefly reviewed. 
Formation of 1111te 
Keller (4?, p. 2?) summarized the literature on illite 
formation into the following table. The table is a direct 
quote. 
Materials and processes in the genesis of illite 
1. Mica (both dioctahedral and trioctahedral) of 
primary crystallization from the fluid phase 
of magna, 
2. Mica, especially sericite, originating by both 
deuteric alteration and solid-state transforma­
tion in igneous rocks (as muscovite at tempera­
tures below the melting curve of "granite"), 
. Mica of metamorphism, 
. Partly "degraded, stripped, or open" mica re­
sulting during weathering, 
5.  Authigenic mica, 
7 
6. Diagenetic mica, 
a. Single-stage reconstitution (as during 
K-fixation), 
b. Multi-stage transformation. 
Barshad (3) states that illite type minerals form in a 
medium where the proportion of 8IO2 to Al20^ and ^^2^3 ranges 
from 2 to more than 4, with a pH of 7 or higher and K content 
is high. 
Formation of montmorillonite 
According to Barshad (3)  evidence to date suggests that 
montmorillonite tends to form in a medium where the propor­
tion of Si02 to AI2O2 and Pe2®3 ranges from 2 to more than 4, 
with a pH of 7 or higher and if relatively high amounts of Ca 
and Mg are present. 
DeKimpe et al. (25) synthesized Al and Mg silicates at 
low temperatures and normal pressures. They concluded that 
because Mg will not undergo isomorphous substitution for Si 
as will Al, a higher yield of crystals was obtained with Mg 
than with Al. They also found that kaolinite appeared at low 
pH, where the six-fold coordinated structure of Al is stabil­
ized. At higher pH a mica-like mineral appeared, while the 
four-fold coordination of Al increased in the gel structure. 
Keller (4?) states montmorillonite would form under con­
ditions containing a high Si;Al ratio, and a relative abun­
dance of Mg, Ca, Fe, Na and K and low H concentrations. The 
divalent cations tend to flocculate silica and thus tend to 
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retain the higher Si:Al ratios in montmorillonite. 
Keller writes that the conditions for montmorillonite 
formation may arise from: 1) mafic rocks or volcanic ash of 
Intermediate composition, which are relatively rich in Mg, Fe, 
and Ca; 2) in semi-arid regions where silicates are hydrolyzed 
when wet and upon drying the concentration of Mg, Ca, Fe, Na, 
etc. increases; and 3) in areas of poor drainage where the Mg 
and Ca concentrations can build up. Thus, he points out that 
the interplay of materials and energy governs the precise 
product formed and climate and material are descriptive of 
the process and product only to the degree of precision with 
which they describe the chemical system. 
Formation of kaolinlte 
Barshad (3) summarizes work on kaolinite which shows that 
kaolin type clay minerals tend to form in a medium in which 
(a) the proportion of colloidal Si02 to AI2O2 and 2^20^ is 2 
or less, (b) the pH 7 or less and (c) the bases are low. 
DeKimpe et (26) produced kaolin minerals at low 
temperature and normal pressures from gibbsite (Al(OH)^) 
under suitable acid conditions, pH ^.5-5»5* These acid 
conditions favor the breakdown of gibbsite to boehmite 
(AIO(OH)). Kaolin minerals were also produced from alumino-
silicic gels in which the A1 is in six-fold coordination. 
The composition of kaolinite signifies a relatively high 
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ratio of Al to Si, high H, but no Na, K, Ca, Mg or Pe during 
synthesis (4?). 
Keller (4?) states that conditions for kaolinite forma­
tion are met by: 1) alteration of aluminum silicate parent 
material, under extensive leaching, where the pH of 7 or less 
is optimum; 2) a terrain and climate where Ca, Mg, Pe, Na and 
K are removed freely, and H**" is supplied abundantly. 
Further, Keller (4?, p. 19) states: 
In our present stage of knowledge, it may be stated 
that K-feldspar alters to kaolinite, via inter­
mediary mica under certain conditions, but directly 
to kaolinite under others, and that it alters to 
halloysite (endellite), via a gel phase, possibly 
including transitory allophane. 
Clay Movement 
Allen (1) suggested that clay plates in cracks and cav­
ities of gumbotil samples from Fairfield, Iowa and Salem, 
Illinois were formed by leaching of the upper part of the pro­
file. It is assumed that Allen meant movement of discrete 
clay particles by the term leaching. 
Bray (10) presented data from which he concluded that 
coarse colloids break down to superfine colloids which then 
move downward in the profile. 
Jenny and Smith (45) working with artificial models con­
cluded that the formation of clay pans by sieving out the col­
loids mechanically would require a very fine textured soil 
skeleton. They found that Ca ions on clay would cause a clay 
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pan to form much faster than Na ions. Dehydration enhanced 
clay accumulation, but colloidal humus favored translocation. 
The authors postulated that positively charged Pe and A1 
hydroxides adhere to negatively charged quartz grains and they 
then attract and stop clay moving down from organic horizons 
which favor clay dispersion. 
Buol and Hole (16) concluded clay skins in a Wisconsin 
soil formed from clay brought down from the upper horizons to 
the lower B and upper C by percolating waters. 
Bartelli and Odell (6) have presented data showing that 
clay will move by their work on the "Beta" horizon. 
Thorp et al. (72) demonstrated movement of fine clay from 
the leaching columns to the effluent water. The clay in the 
effluent water was identified as illite, montmorillonite, 
vermiculite, and chlorite. They also showed that effluent 
oxalic acid contained significant quantities of Ca, Mg, Na 
and P with only traces of K. 
Hallsworth (38)» working with artificial columns, found 
that no clay movement occurred when the initial montmoril­
lonite content was 20 percent or more, and only 10 percent 
moved when the initial clay content was 5 percent. The max­
imum mobility of montmorillonite occurred with the leaching 
water pH between 8.5 and 10.0. These results were obtained 
by leaching 8.5  liters of solution through a soil column 2.5  
inches in diameter and 1 inch in thickness. Because of the 
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small depth of column used by Hallsworth, the applicability of 
his results to field conditions is difficult. 
Brewer and Haldane (I3) and Swindale (70) have shown that 
capillary rise will move clay to the surface of soil columns. 
Clay Destruction 
Loughnan (50) states that the most important single fac­
tor controlling the breakdown of parent minerals is the quan­
tity of water leaching through a parent profile. 
Mitchell (53) considered rainfall and temperature the 
most important climatic factors in soil formation and regarded 
them as intensity factors. Bainfall associated with parent 
material permeability influences intensity of leaching, and" 
temperature affects the intensity of organic and inorganic 
reactions. 
Loughnan (50) concluded that in a static or non-leaching 
environment weathering proceeds by the release of metallic 
ions until the equilibrium pH is reached, beyond which no fur­
ther breakdown will occur. Loughnan suggested that for the 
most part the pH values attained in nature are related to the 
metallic ion distribution which, in turn, is controlled by 
the parent mineral structures and the degree of leaching. 
Coleman and Craig (20) concluded from an experiment on H 
weathering of montmorillonite that, if the products were re­
moved, the reaction would continue to complete decomposition 
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of the montmorillonite. 
Decomposed organic matter is the source of H ions for 
clay weathering (20, 50). Webley et (83) have shown that 
2-keto-gluoonic acid, a chelating compound produced by a soil 
bacterium, can decompose crystalline silicates into material 
amorphous to X-rays. Mitchell and Farmer (5^) indicated that 
there were substantially more amorphous aluminosilicates in 
the clay from the surface horizon than in clay from basal 
profile zones. Glenn et al. (35) have reported the same in­
crease of amorphous material in the surface for a Wisconsin 
Tama silt loam profile. Mitchell (53) considers the influence 
of rainfall and temperature is greatest in the surface hori­
zon of the soil. The water content variability and chemical 
activity due to organic material are greatest in the surface 
horizon. The organic chelating compounds derived from plant 
residue would aid Pe and A1 removal, and in this way increase 
the rate of silicate decomposition with the formation of 
amorphous material. 
Loughnan (50) states the loss of Si, Pe, Ga, Mg, K and 
Na ions is dependent on the leaching potential, which con­
trols pH, but loss of K and to a lesser extent Mg, in cer­
tain cases may be retarded by fixation. 
Stahlberg (6?) found the release of Mg from illite was 
less than half as extensive as release of K. He concluded 
the octahedral Mg is not so easily released as the inter-
13 
layered K. 
Coleman and Craig (20) postulated that H from decomposed 
organic matter displaces A1 and Mg from exchange sites, and 
that subsequently the A1 ions are removed. They concluded all 
these reactions may takê place more rapidly at high tempera­
tures. Because the clay continued to supply lattice ions, 
they concluded that lattice decomposition was responsible for 
the spontaneous change from H to a metal ion saturation. The 
appearance of A1 and Mg on exchange sites was in about the 
same order as they occurred in the octahedral positions. 
Mitra and Singh (55) found that a hydrogen clay washed in 
methyl alcohol did not decompose, but a hydrogen clay kept in 
aqueous medium decomposed. Prom this evidence they concluded 
that the H ion does not enter the silicate octahedral posi­
tions by diffusion. They did not question the possibility of 
complete H removal by methyl alcohol. 
Barshad (4) postulated that the hydrogen ion on clay 
surfaces enters the interior of the crystal lattice to dis­
place Al, Mg and possibly Fe ions. He concludes from the 
geometry of the crystal structure of clay minerals that the 
hydrogen ion and not the hydronium ion enters the crystal 
lattice. 
Eeckman and Laudelout (30, p. 107) state; 
The parabolic rate law of the spontaneous trans­
formation of a hydrogen clay into an aluminum clay 
indicates a diffusion process of the hydrogen ion 
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adsorbed on the faces of the crystals against a 
flow of aluminum ions originating at the edges. 
Barshad (4) summarized work to show that exchangeable 
calcium to magnesium ratios go down with increased amounts 
of leaching in acid soils. He suggests this is due to the 
replenishment of exchangeable Mg from clay minerals. Barshad 
concluded that exchangeable Ca could not be replenished from 
silicate clays or from weathered primary minerals and as a 
result less Ca was available to fill exchange sites. 
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INVESTIGATIONS 
Selection of Soils Studied 
The soil samples analysed in the laboratory consist of 
(a) a single sample from a profile and (b) a number of samples 
from a single profile. The set of single soil samples from a 
number of profiles are listed in Table 1 and the data on these 
soil samples are presented in Table 2. In this study this set 
of samples will be referred to as the traverse study. The 
set of profile soil samples is listed in Table 11. 
The set of soil samples listed in Table 1 was selected 
to study regional differences. All samples are from the B 
horizon of maximum clay content in each profile. Profile 
data were generally available to aid in identifying the B 
horizon of maximum clay content. All soil samples are loess 
derived, and are from nearly level upland sites. The general 
distribution of the loess in Iowa is shown in Figure 1. The 
major soil associations of Iowa are shown in Figure 2. The 
general locations of the soil samples from Iowa are given in 
Figure 3.  
To extend the range of climate some samples were col­
lected from outside Iowa. The locations of these samples are 
shown in Figure 4. 
The proposed series name, source of other data and 
specific location of the traverse samples are given in Table 1. 
Table 1. Series, location, and depth of 77 soil samples used in the traverse 
study-
Traverse 
no. 
Series name®-
and file number' Horizon 
Inches 
depth Location 
Source 
of data 
Moody Ao 13-16 
(P-243-4) 
Moody B21 9-15 
(S-54-Nebr-90-l) 
No. 2166 
Moody Bn 12-17 
( 8—^i^^Nebr—20—2 ) 
No. 2834 
Moody El 14-19 
(S—Nebr—20—1) 
No. 2826 
Galva Bi 15-19 
(P-247-4) 
Lyon Co., la., 
T99N, R48W, Sec. 5, 
NE 1/4 SE 1/4 SE 1/4 
Wayne Co., Neb., 
T25N, R4E, Sec. 4, 
1320 ft. E, 300 ft. S 
of NW corner 
Cuming Co., Neb., 
T24N, R6E, Sec. 33, 
600 ft. N, 150 ft. E 
of SVI corner 
Cuming- Co., Neb., 
T23N, R7E, Sec. I7, 
0.2 mile E, 100 ft. 
N of SW corner 
O'Brien Co., la., 
T95N-, R39W, Sec. 33, 
SW corner 
(33) 
(82) 
(81) 
(81) 
(33) 
^•Series names are those used in the various sources. See Wells (84, p. I76). 
^All "S" numbers are U.S.D.A. Soil Conservation numbers. All "P" numbers 
and MI and Mil are Soil Survey, Dept. of Agronomy, Iowa State University numbers. 
All numbers not prefixed by a letter are Agronomy Dept., University of Illinois 
numbers, except the three Grenada soil samples. 
Table 1. (continued) 
Traverse Series name Inches 
no. and file number Horizon depth 
6 Galva A^Bi 16-20 
(P-248-4) 
Galva B-i 16-20 
(P-244-4) 
8 Monona B 6-9 
(P-145-3) 
Marshall B-, 19-28 
(MI) 
10 Marshall Bn 20-29 
(Mil) 
11 Marshall B]^ 10-21 
(S54-Neb-60-l) 
No. 2204 
Location 
Source 
of data 
Plymouth Co., la., 
T91N, R45W, Sec. 12, 
North border near 
East edge 
Cherokee Co., la., 
T90K, H39W, Sec. 12., 
N 1/2, KE 1/4, NE 1/4 
Monona Co., la., 
T82N, H42W, Sec. 23, 
NE, SE, NE 
Crawford Co., la., 
T84N, R37W, Sec. 10, 
SE 1/4 of NW 1/4, 
300 ft. W of 1/2 line 
fence, 50 ft. S of 
1/4 line fence 
Crawford Co., la., 
T84N, R37W, Sec. 12, 
SE 1/4, 100 ft. W, 
1320 ft. S of NE corner 
Madison Co., Neb., 
T20N, R2W, Sec. 52, 
0.2 miles E, 150 ft. 
N of SW corner 
(33) 
(33) 
(41) 
(84) 
Appendix A 
(84)  
Appendix A 
(82)  
Table 1. (continued) 
Traverse Series name Inches 
no. and file number Horizon depth 
12 Marshall B 10-1? 
(854-Neb-71-l) 
No. 2196 
13 Sharpsbure Bp 28-31' 
(P-I63-II) 
l4 Sharpsburg B21 2I-3O 
(S54-Neb-13-2) 
No. 2222 
15 Tama Bo? 27-30 
(P-27-9) 
16 Tama, Bpi 25-29 
(P-710-6) 
17 Grundy-like Bi 5-12 
(S— 58—Neb—67—2) 
No. 91^0 
Location 
Source 
of data 
Platte Co., Neb., 
T20N, R2W, Sec. 3I, 
100 ft. E, 100 ft. S, 
of N 1/4 corner 
Adair Co., la., 
T74N, H32V/, Sec. 11, 
NE, NW, NE 
Cass Co., Neb., 
TUN, RlOE, Sec. 30, 
0.3 mile W, 200 ft. N 
of SE corner 
Tama Co., la., 
T86N, R16W, Sec. 28, 
750 ft. E, 185 ft. N of 
SW corner SW 1/4, SW 1/4 
Tama Co., la., (80) 
T85N, RI3W, Sec. 14, 
140 ft. S of E-W fence, 
43 ft. W of N-S fence of 
NE corner of S 1/2 of 
NW 1/4 of NW 1/4 
Pawnee Co., Neb., (77) 
TIN, RUE, Sec. 10, 
300 ft. 8, 110 ft. E 
of center 
(82)  
(41) 
(82) 
(85) 
Table 1. (continued) 
Traverse Series name Inches 
no. and file number Horizon depth 
18 Otley Bo 17-23 
(P-262-4) 
19 Otley 15-20 
(S6l Iowa-92-l) 
No. 16299 
(P-713-4) 
20 Ladoga varient Bon 14-2^ 
(P_751_4) 
21 Ladoga Bop 19-25 
(P-752-5) 
22 Downs Bon 18-22 
(P_428-7) 
Location 
Source 
of data 
Keokuk Co., la., (21, ^ O) 
T77N, R13W, Sec. 35, 
NE, NE, NW 
Washington Co., la., (79) 
T76N, R8W, Sec. 27, 
757 ft. E, 226 ft. S of 
NW corner of NE 1/4, 
NW 1/4 
Clay Co., la.. Appendix A 
T94N, H38W, Sec. 32, 
W of road, NW of build­
ing site on opposite 
side of road 
Guthrie Co., la.. Appendix A 
T78N, R32W, Sec. 5 
NE 1/4, NW 1/4, NW 1/4 
Tama Co., la., (85)  
T85N, R14W, Sec. 5, 
200 ft. E and 990 ft. N 
of center of section 
(100 ft. N of E-W road) 
Table 1. (continued) 
Traverse Series name Inches 
no. and file number Horizon depth 
23 Ladoga Bo 25-31 
(P-612-9)  
24 Sicily Bo? 23-32 
(P-75^-5) 
25 Clinton Bp? 21-33 
(P-750-5)  
26 Payette Bo 22-25 
(P-32-9)  
27 Clinton B2 24-27 
(P-96-8)  
®Ray I. Dideriksen, Assistant State Soil 
Personal communication. 1964. 
Location 
Source 
of data 
Washington Co., la., (21) 
T75K, R7W, Sec. 20, 
60 ft. E of N-S road 
(Iowa Ave.) fence and 
10 ft. N of private 
driveway fence in NW 
1/4, SE 1/4, SW 1/4 
Christian Co., 111., —^ 
TI5N, R3W, Sec. 23,  
near SE corner of 
NE 1/4, SE 1/4 
Adams Co., la., (29) 
T73b, R34W, Sec. 23,  Appendix A 
10 ft. N of E-W road 
in SW 1/4 NE 1/4 
Tama Co., la., (37» 56) 
T83N, H16W, Sec. 2, 
550 ft. W, 100 ft. S of 
NE corner of NE 40 of 
SW 1/4 
Mahaska Co., la., (37» 56) 
T76N, RI7W, Sec. 16,  
NW corner of NE 1/4 
Scientist, S.C.S., Ames, Iowa. 
Table 1. (continued) 
Traverse Series name 
no. and file number Horizon 
28 Clinton B; 
(P-126-8) 
29 Prlmghar B21 
(S59 Iowa-71-2)  
No. 11164 
30 Prlmghar Boi 
(S59 Iowa—21—4) 
No. 11146 
31 Mlnden Bp 
(P-217-7)  
32 Muscatine B-, 
(P-94-7) 
33 Seymour B22 
(S62 Iowa-93-1) 
No. 18002 
^Preliminary data from the Soil 
Lincoln, Nebraska. 
Inches 
depth Location 
Source 
of data 
24-27 Washington Co., la., (21) 
T77N, R7W, Sec. 9,  
SW 1/4, NW 1/4, SW 1/4 
17-25 O'Brien Co., la., (78)  
T97N, R4OW, Sec. 34, 
160 yds. N of road center 
and 290 yds. E of SW 
corner of SE 1/4 
16-21 Clay Co., la., (78)  
T95N, E38W, Sec. 14, 
360 ft. S of road center 
and 120 ft. W of NW corner 
of KE 1/4 of NE 1/4 
31-39 Shelby Co., la., (74) 
T79K, H39W, Sec. 19,  
NW 1/4, NE 1/4, NW 1/4 
18-21 Tama Co., la., (21) 
T84N, R15W, Sec. 3, 
NE corner NW 1/4 NE 1/4 
(see note in reference) 
22-29 Wayne Co., la., —^ 
T68N, R22W, Sec. 9, 
457 ft. S, 152 ft. W of 
NE corner of SE 1/4 
Conservation Service, Lincoln Laboratory, 
Table 1. (continued) 
Traverse Series name Inches 
no. and file number Horizon depth 
34 Seymour ^22 23-28 
(So2 Iowa-93-6) 
No. 18039 
35 Macksburg B21 24-30 
(S6l Iowa-6l-l) 
No. 16347 
(P-717-5)  
36 Mahaska B21 23-30 
(S6l Iowa -92-2)  
No. 16322 
(P-715-5) 
37 Grundy Bo 18-24 
(P-264-4) 
38 Muscatine Bon 25-27 
No. 15894 
39 Harrison B 18-25 
No. 14068 
40 Ipava B 17-23 
No. 13877 
Location 
Source 
of data 
Wayne Co., la., — 
T68N, R20W, Sec. 3, 
342 ft. W, 497 ft. S of 
NE corner of SW 1/4 
Madison Co., la., (79) 
T75N, H28W, Sec. 3I,  
783 ft. W, 390 ft. N 
of SE corner 
Washington Co., la., (79) 
T76N, R8W, Sec. 22, 
445 ft. N, 68 ft. W of SE 
corner of SW 1/4, SW 1/4 
Henry Co., la., (21, 40) 
T7ON, R7W, Sec. 1, 
SE, SE, NW 
Mercer Co., 111., (7 ,  59)  
TI3N, H2W, Sec. 23, 
SE 1/4, SE 40, SE 10 
Christian Co., 111., (11) 
TI3N, R2W, Sec. 6, 
NE 1/4, NE 40, SE 10 
Fulton Co., 111., (7)  
exact location unknown 
Table 1. (continued) 
Traverse Series name Inches 
no. and file niomber Horizon depth 
4-1 Atterberry B2 29-35 
(P-608-8)  
42 Givin Boo 23-28 
(P-753-5) 
4-3 Givin Bo 23-25 
(P-611-8) 
44 Pershing Boo 21-26 
(P-615-6) 
45 Clarksdale Bon 19-31 
(P-755-4) 
Location 
Source 
of data 
Tama Co., la., (21) 
T84N, Rl6w, Sec. 35, 
125 ft. E of SW corner 
of KW 1/4, NW 1/4 
Keokuk Co., la.. Appendix A 
T76K, RllW, Sec. 24, 
530 ft. W, 300 ft. N 
of SE 1/4, SW 1/4 
Washington Co., la., (21) 
T74N, R7W, Sec. 9, 
750 ft. E, 200 ft. S of 
NW corner of SW 1/4 
Van Buren Co., la., (21) 
T70N, R8W, Sec. 24, 
30 ft. S, 110 ft. W of 
fence corner 0.1 mile N 
of SE corner of SW 1/4 
Christian Co., 111., —^ 
TI3N, R3W, Sec. 12, 
300 ft. W, 75 ft. S of 
right angle road in center 
of quarter section. % Mg, 
%K on profile 6OO ft. W of 
site in reference 
Table 1. (continued) 
Traverse Series name Inches 
no. and file number Horizon depth 
46 Stronghurst Bo 18-22 
(P-609-6)  
47 Weller Bp? 22-25 
(P-4-10) 
48 Keomah 24-30 
(P-613-10)  
49 Weller Bo 21-24 
(P-616-9) 
50 Garwin Bog. 24-28 
(P-415-7) G 
Location 
Source 
of data 
Tama Co., la., (21) 
T83N,' H15W, Sec. 17,  
150 ft. N of the center 
of triangle at road Junc­
tion in SE corner of 
KW 1/4, SW 1/4 
Lucas Co., la., (37» 85) 
T72N, fi20W, Sec. 9, 
265 ft. S, 130 ft. W of 
NE corner NE 1/4, NW 1/4 
r\3 
Washington Co., la., (21) -P" 
T75N, R9W, Sec. 9, 
40 ft. W, 50 ft. N of 
west gate at 0.45 mile W 
along private lane from 
SE corner of NE 1/4 
Van Buren Co., la., (21) 
T70N, R8W, Sec. 24, 
300 ft. W, 30 ft. S of I\fE 
corner of SE 1/4, NW 1/4 
Jasper-Co., la., (64) 
T81N, HI7W, Sec. 6, 
30 ft. W of fence in 
NE 1/4, SE 1/4, NE 1/4 
Table 1. (continued) 
Traverse Series name Inches 
no. and file number Horizon depth 
51 Haig ®21 26—30 
(P-220-7) 
52 Taintor Bog. 18-21 
(P-412-5) ^ 
53 Taintor B21 18-23 
(S6l Iowa-92-3)  
No. 16334 
(P -716—4) 
54 Haig Bo 18-24 
(P-164-5) 
55 Herrick Bon 21-33 
No. 16767 
56 Walford Bp 22-25 
(P-607-8)  
Location 
Source 
of data 
Decatur Co., la., (74) 
T7ON, R25W, Sec. 5,  
NE, NW, NW 
Jefferson Co., la., (21, 64) 
T73N, fillW, Sec. 13,  
100 yards S of £ 1/4 
corner 
Washington Co., la., (79) 
T76N, H8W, Sec. 22, 
511 ft. N, 7^3 ft. W of 
Sii corner of SW 1/4 of 
SW 1/4 
Henry Co., la., (64) 
T71N, R7W, Sec. 34,  
0.1 mile W of SE corner 
Christian Co., 111., (7 ,  58)  
TUN, H2W, Sec. 6, 
NW 1/4, NW 40, SW 10 
Poweshiek Co., la., (21) 
T81N, R14W, Sec. 23, 
50 ft. S of fence and 
80 ft. E of Kent chapel 
gate in SW 1/4, SE 1/4 
Table 1. (continued) 
Traverse Series name Inches 
no. and file number Horizon depth 
57 Rubio B2 18-20 
(P-610-7) 
58 Belinda Bp 24-28 
(P-614-8) 
59 Traer Bp 19-23 
(P-422-5) 
60 Berwick Bp 17-22 
(P-423-6) 
61 Beckwith Bp 19-22 
(P—421—6) 
Location 
Source 
of data 
Washington Co., la., (21) 
T75N, fi9W, Sec. 3, 
630 ft. £, 50 ft. N of 
SW corner of SW 1/4 
Van Buren Co., la., (21) 
T7ON, R8W, Sec. 10, 
500 ft. W, 500 ft. N of 
SE corner of SW 1/4 
Tama Co., la., (17) 
T83K, H15W, Sec. 18, 
600 ft. E, 200 ft. N of 
SW corner of NW 1/4, 
SE 1/4 
Washington Co., la., (17) 
T74K, R7W, Sec. 22, 
250 ft. S, 250 ft. W of 
NE corner of NW 1/4 
SE 1/4 
Jefferson Co., la., (17) 
T71N, R9W, Sec. 15, 
575 ft. N, 30 ft. W of 
S 1/4 corner 
Table 1. (continued) 
Traverse Series name Inches 
no. and file number Horizon depth 
62 Marion Bo 15-21 
(P-424-4) 
63 Marcus Bpi 23-29 
(859 Iowa-71-l) 
11156 
64 Marcus B21 17-24 
(859 Iowa-21-3) 
11138 
65 Winterset Bo? 24-28 
(S6l Iowa-6l-2) 
No. 16359 
(P-718-5) 
66 Winterset Bo 30-35 
(P-218-7) 
67 Hartsburg B 18-24 
No. 14037 
Location 
Source 
of data 
Adair Co., Missouri, (17) 
T63N, B15W, Sec. 30,  
200 ft. W, 20 ft. S of 
road intersection near SW 
corner of Nfi 1/4 SW 1/4 
O'Brien Co., la., (78)  
T96N, R39W, Sec. 15,  
430 ft. N, 355 ft. w of 
8E corner of SW 1/4 
Clay Co., la., (78)  
T95N, H38W, Sec. 12, 
260 ft. W of KW corner 
of SW 1/4 of SW 1/4 
Madison Co., la., (79) 
T75N, R28W, Sec. 4, 
450 ft. N, 25 ft. W of SW 
corner of SW 1/4 of NE 1/4 
Union Co., Xa., (74) 
T72N, H30W, Sec. 31, 
SW, SE, SW 
Menard Co., 111., (11) 
T18N, H7W, Sec. 6, 
NE 1/4, NE 40, NE 10 
ro 
-o 
Table 1. (continued) 
Traverse Series name Inches 
no. and file number Horizon depth 
68 Corley B22 37-^2 
(P_44l_9) 
69 Crete Bon 10-21 
(S55 Neb-30-2)  
No. 3383 
70 Crete Bot 10-15 
(S55 Neb-34-i) 
No. 3339 
71 Edina Bo 20-24 
(P-16-6)  
72 Putnam Bo 17-22 
(P-186-4) 
73 Cowden Bp? 30-40 
No. 14080 
74 Cisne Bp-, 21-31 
No. 14086 
Location 
Source 
of data 
Shelby Co., la., (22) 
Lincoln Twp., Sec. 25, 
300 ft. SW of NS corner 
of NE 1/4 
Fillmore Co., Neb., (81) 
T8N, RIW, Sec. 33, 
1450 ft. N, 200 ft. W 
of SE corner 
Ga%e Co., Web., (81) 
T6N,  R6E, Sec. 17,  
1220 ft, S, 370 ft. E 
of NW corner 
Wayne Co., la., (74) 
T68N, R68W, Sec. 9, 
NE, NE, SE 
Knox Co., Missouri, (36)  
T81W, HI3W, Sec. 27,  
SE, SE, SW 
Montgomery Co., 111., (7)  
TION, HIW, Sec. 2, 
SE 1/4, SW 40, SW 10 
Fayette Co., 111., (7 ,  11) 
T7N, HIE, Sec. 4, 
NE 1/4, NE 40, NE 10 
Table 1. (cont inued) 
Traverse Series name Inches Source 
no. and file number Horizon depth Location of data 
75 Grenada B 
(Kentucky, No. 2) 
No. 3 
21 
76 Grenada B21 
(Tennessee, No. 1) 
No. 2 
77 Grenada B 
(Tennessee, No. 2) 
No. 2 
21 
10-22 
6-13 
6-13 
Calloway Co., Ken., (19) 
4.5 miles NE of Murray 
on Hwy. 9^ 
Fayette Co., Tenn., (19) 
0.5 miles N of Longtown, 
Tenn. 
Fayette Co., Tenn., (19) 
11 miles NE of Somerville, 
1 mile W of Mt. Moriah 
school 
Figure 1. Pleistocene deposits in Iowa (reproduced from Wright and Ruhe (88)) 
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Figure 2. Principal soil association areas in Iowa (reproduced from 
Cschwald et a^. (57)) 
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Figure 3* Soil sample locations in Iowa 
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Figure 4. Soli sample locations outside of Iowa 
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The criteria for soil sample selection were: 
1. The soils were loess-derived. All of the soils 
selected were derived from Wisconsin loess. 
2. The soils had horizons of clay accumulation. The 
soil sample for the traverse study was selected from 
the B horizon of maximum clay content. 
3.  The soils occurred on stable or as near to stable as 
possible landscape positions. 
4. Some standard data were available on each soil pro­
file. 
The soil samples selected included a ranpe of development 
in the region for each of the Brunizems, transitional, and 
Gray-Brown Podzolic groups. Samples of the Prairie Planosols 
were chosen from Nebraska, Iowa, Missouri, and Illinois. The 
Red-Yellow Podzolic soils from Kentucky and Tennessee were 
represented by a sample from each of three soil profiles of 
the Grenada series. 
The soil profiles analyzed are listed in Table 11. The 
soils were selected to give a wide ran^e in textural profile 
development, a range of drainage classes and a range of geo­
graphical location. In contrast to the traverse set of 
samples (Table 1), the profile samples may have up to I3 
samples per profile (Table 11). 
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Laboratory Methods of Analysis 
Particle size distribution 
Particle size data were determined using the method 
described by Kilmer and Alexander (4?). Samples were with­
drawn at time intervals calculated from Stokes' law by Tanner 
and Jackson (71). 
Cation exchange capacity 
Cation exchange capacities were determined by saturating 
the soils with NH^ ions using neutral normal NH2|,0Ac. The ex­
cess NHii ions were removed by methyl alcohol. The ions on 
the exchange complex were displaced by neutral normal KCl. 
The NH/j, ion concentration was determined by Kjeldahl distilla­
tion, and titration of ions with N/14 H2SOZJ,. This is 
essentially the method outlined by St. Arnaud (68). 
Separation and digestion of the <0.001 mm fraction 
The procedure used in this study is outlined in detail. 
1. Eight grams of soil with 75 ml of neutral normal 
LiNO^ in baby bottles were shaken on a reciprocating shaker 
for 12 hours. 
2. The soil was separated by filtering the solution 
through an 11 cm Whatman #50 filter paper in a Buchner funnel, 
under suction. 
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3« Fifty ml of neutral normal LiNO^ were added to the 
soil surface after the initial solution was filtered. 
4. Deionized distilled water was added to the surface 
in 50 ml increments as required during 20 hours to leach ex­
cess LiNO-j. (After about an hour some samples dispersed and 
permeability decreased markedly. The Grenada soils and the 
surface samples of the Marion and Putnam soils were washed 
with 300 mis of deionized distilled water within 12 hours.) 
After this leaching the soil should be Li saturated and con­
tain only a minimum of NO^ anions in solution. 
5» The Li-saturated soil and filter paper were placed 
into a 16 oz wide mouth jar. The jar was sealed and vigor­
ously shaken, after which the soil was easily washed with de­
ionized distilled water from the filter paper. 
6. The Li-saturated soil samples were stirred for 10 
minutes in a malt mixer and transferred to a graduated cylin­
der. 
7.  The final suspension volume was made up to 400 ml by 
adding deionized water. This suspension was returned to the 
16 oz wide mouth jars. 
8. The suspensions were shaken by hand for one minute 
to get a uniform suspension, then they were set on the bench, 
the caps were loosened, and suspensions were allowed to sedi­
ment . 
9.  After the required time, a 15 ml aliquot was with­
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drawn at the proper depth, placed into weighed platinum cru­
cibles and dried in a 105°G oven for l6 to 20 hours. 
10. The crucible was cooled in a dessicator and then 
weighed. The sample was decomposed by HP and* HC10j[|. according 
to the method described by Jackson (42). However, to prevent 
spattering the sample was kept at 170°C until dry or nearly 
dry, and then heated to 220°C. 
11. The residue was dissolved in 8 mis of about 5N HCl 
and 10 ml of deionized distilled water by gentle heating on 
a steam plate. The dissolved material was washed into 150 
ml beakers and evaporated to about a 25 ml volume. 
12. The solution was filtered through an 11 cm Whatman 
#42 filter paper, into a 50 ml volumetric flask and made up 
to volume with deionized water. 
13. The solution was mixed and stored in 2 oz polyethyl­
ene bottles.for the determinations of magnesium and potas­
sium. This is now called the "stock solution". 
Determination of magnesium 
1. Ten mis of the 50 ml stock solution and 5 ml of a 
40,000 ppm strontium solution were diluted to 50 ml in a 
volumetric flask. (This solution should contain between 1 to 
8 ppm of magnesium and 4,000 ppm strontium.) 
2. The magnesium concentration was determined using a 
Perkin-Elmer Model 214 Atomic Absorption Spectrophotometer. 
The development of the method is outlined in Appendix C. 
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Determination of potassium 
1. Potassium standards (In the presence of 100 ppm LI), 
ranging In concentrations from 2 to 8 ppm of potassium, were 
made using KCl. 
2. Five ml of the stock solution and 10 ml of 300 ppm 
Li solution were diluted to 30 ml with deionlzed water. 
(These solutions should range from 2 to 8 ppm of potassium 
and 100 ppm Li.) 
3.  Potassium was determined on the Balrd-Atomic flame 
photometer using the standard of nearest concentration. 
Extraction and determination of 
exchangeable calcium and magnesium 
1. The exchangeable cations were extracted by washing 
four times with 50 ml of neutral normal NEi|.OAo In centrifuge 
tubes. Separation of soil from NEz^OAc was accomplished by 
centrlfuglng after each washing. 
2. The NHj[j,OAc solutions were evaporated to dryness on a 
steam plate. The white residue was heated over a bunsen 
burner to remove acetate and convert bases to oxides and car­
bonates. 
3.  The oxides and carbonates were dissolved in 5 ml of 
1:1 HCl and approximately I5 ml of deionlzed distilled water. 
4. The solution was filtered through a 11 cm Whatman #42 
filter paper, and diluted to a 50 ml volume in a volumetric 
flask. 
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5. Five ml of the 50 ml digest solution and 5 ml of 
40,000 ppm strontium solution were diluted to 50 ml, with de-
ionized water. This solution was used for the magnesium 
determination as outlined in Appendix C. 
6. Five ml of the 40,000 ppm strontium solution were 
added to the remaining 45 ml and mixed. This solution was 
used for the calcium determination by atomic absorption, as 
outlined in Appendix C. 
X-ray diffraction of the <0.002 mm fraction 
Separation of <0.002 mm fraction and deposition of clay 
on porcelain tile plates 
1. Ten grams of soil, 10 ml of calgon and I90 ml of 
water were shaken in baby bottles on a reciprocating shaker 
for 16 hours. 
2. The bottles were removed from the shaker. The sus­
pensions were shaken vigorously by hand for 1 minute. Then 
the stoppers were removed and the suspensions were allowed to 
sediment. 
3.  Five ml aliquots were withdrawn at the proper time 
and depth and placed into 50 ml beakers. 
4. These suspensions were poured onto porcelain tile 
plates under suction. Enough suspension was added to produce 
a uniform layer of clay completely covering the slide. 
5.  The plates were removed from suction, and ethylene 
glycol was added dropwise to the clay surface. The excess 
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ethylene glycol was drained off. The plates were then allowed 
to dry overnight in the atmosphere. 
Irradiation technique Because of the disproportionate 
areas of 1?, 10, 7 A® peaks, the following technique was used 
to produce measurable peak areas. 
1. The peaks in the 2-9° range were determined at 5,000 
ops. 
2. The goniometer was set back and the peaks in the 
7-14° range were determined at 1,000 cps. 
Peak area measurements Proportionate estimates of 
area under each peak were measured in triplicate by a plani-
meter. The three determinations were averaged and used in 
the ratio determinations. 
Determination of pH 
Soil pH measurements were made in 1:1 soil-water sus­
pensions using a Beckman pH meter. 
Total organic carbon determinations 
Total organic carbon was determined by dry combustion 
according to the method outlined by Black (9). 
Statistical methods 
Correlation matrixes and regression equations were deter­
mined by the IBM 7074 high speed computer. 
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BESULTS 
Traverse Study 
Variables considered in the traverse study 
The data collected on soil samples along the traverse are 
presented in Table 2. The soil sample locations were shown in 
Figures 3 and 4. Following is an explanation of why each 
variable was selected. 
1. Depth to the middle of the horizon of maximum clay 
content may vary from series to series and as such this vari­
ation is considered to be of genetic importance. 
2. The B horizon was selected for magnesium determina­
tions because this horizon is genetically significant and 
easily identifiable. The percent magnesium in the <0.001 mm 
fraction, listed as variable number 2 in Table 2, will be 
referred to simply as magnesium in the following discourse. 
It is considered nonexchangeable and probably occurs mainly 
in the octahedral position in the silicate clay of the 
soil fraction analyzed. 
3.  Percent <0.002 mm clay in the B horizon has been used 
as an indication of soil development on uniform parent mate­
rial. 
4. The B/A clay ratio has been used as an index of stage 
of development (Riecken (60)). In this study B/A clay ratio 
is the % clay in the horizon of maximum clay divided by % clay 
Table 2. Data for the 77 soil samples studied in the traverse 
1* 2* 
Depth to 
middle Mg in 
of max. <0.001mm 
Sample no. clay fraction 
inche s % 
Chernozems 
1 10 1.38 
2 11 1.30 
3 12 1.15 
4 13 1.18 
<0.002mm 
clay-
B/A 
clay 
ratio pH 
Lowest 
pH in 
profile 
C.E.C./ 
100 g 
soil 
m.e. 
1.11 6.3 5.8 28.8 
1.08 5.8 5 .5  31.1 
1.17 5 .8  5.6 31.4 
1.15 6.0 5.8 29.9 
Well Drained 
Brunizems 
5 15 
6 10 
7 10 
8 8 
9t 24 
10^ 20 
11 14 
12 14 
13 30 
14 26 
15 26 
16 21 
17 9 
18 20 
19 18 
1.25 
1.41 
1.24 
1.15 
1.18 
1.18 
1.21 
1.12 
1.23 
1.27 
1.18 
1.18 
1.19 
1.18 
1.15 
% 
.4 
0.7 
42.1 
40.9 
II 
34.6 
29.8  
37.1 
30.4 
34.4 
34.2 
42.9 
43.2 
37.2 
41.5  
34.2 
33.2 
47.4 
39.3 
40.0 
1.08 
1.05 
1.13 
1.09 
1.17 
1.13 
1.19 
1.24 
1.20 
1.51 
1.28 
1.24 
1.17 
1.35 
1.31 
6 . 1  
6.3 
I;?-
I;? 
5.7 
1:1^ 
5.7 
5.2 
5.7 
5.8 
5.3 
5.1 
1:1 
I'-h 
13 
5-2* 
5.2* 
5.2 
5.1 
5.7 
5.8 
5.0 
5.1 
27.8 
25.7 
30.0 
22.7 
23.5 
23.9 
28.7 
28.5 
25.9 
29.1 
24.8 
22.8 
32.2 
26.3 
28.1 
^Determinations in columns, samples or individual datum were obtained by the 
author. All other data were taken from sources listed in Table 1. 
Table 2. (continued) 
Sample no. 1 2 
.3 4 5 6 7 
Well Drained 
Transition 
(Brunizem-
Gray Brown 
Podzolic) 
20^ 19 1.20 34.8 1.77 7.0^ 7.0 24.5  
21^ 22 1.21 37.9 1.74 5.4b 5.2 25.0 
22 20 1 .10 35.6 1.54 4.9 4.9 21.2 
23 28 1 .21 37.8 1.58 5.2 4.8 24.5 
24 — — 1.18 — — — — — — 
Well Drained 
Gray-Brown 
Podzolic 
25^ 27 1.22 36.3 1.84 5.3 5.3 26.6 
26 27 1.19 35.5 1.72 4.4 3.8 21.8 
27 23 1.20 38.9 1.62 4.2 3.7 24.8 
28 26 1.15 37.8 1.99 5.1 5.1 27.2 
Imperfectly 
Drained 
Brunizems 
29 6 1.35 32.6 1.00 6.4 5.8 25.8 
30 8 1.25 36.0 1.00 6.1 5.6 29.9 
31 35 1.19 30.2 1.13 6.0 5.6 23.2 
32 23 1.08 35.3 1.14 5.4 5.3= 25.4 
33 20 1.10 49.1 2.12 5.6J 4.8* 33.5* 
34 26 1.09 51.0 2.27 5.0* 5.0* 35.3a 
35 27 1.14 41.9 1.40 4.8 4.8 31.1 
36 27 1.13 38.9 1.26 5.0 4.9 28.0 
37 21 1.15 44.1 1.67 5.8 5.5 27.3 
38 28 1.10 34.5 1.47 5.3= 5.1 25.8 
39 — — 1.10 41.3 — — 6.0* — — 31.5* 
40 20 1.05 39.8 1.37 5.5 5.5 34.6 
^Was 4.4 in statistical analysis by error. 
Table 2. (continued) 
Sample no 
Imperfectly 
Drained 
Transition 
(Brunizem-
Gray -Brown 
Podzolic) 
41 30 1.17 35.4 
42^  26 1.14 39.0 
43 24 1.13 45.6 
44 26 1.13 43.2 
45 —— 1.15 —— 
Imperfectly 
Drained 
Gray-Brown 
Podzols / 
46 ' 21 1.18 38.7 
47 24 1.11 47.3 
48 26 1.20 42.1 
49 21 1.11 51.8 
Wiesenboden 
50 26 1.12 41.0 
51 26 1.06 49.2 
52 20 1.18 43.2 
53 18 1.09 41.2 
54 21 1.05 48.4 
55 22 1.08 41.8 
63 15 1.38 39.9 
64 12 1.29 40.3 
65 26 1.11 41.9 
66 33 1.05 4o.l 
67 — 1.23 34.4 
4 5 6 7 
1.68 
2.05 
2.35 
2.02 
5.1 
5.1 
5.1 
5.3 
5.0 
5.1 
5.1 
5.2 
26.2 
27.8 
31.5 
31.1 
2.26 
2.36 
2.40 
3.06 
4.8 
3.9 
5.1 
4.6 
4.8 
4.1 
26.4 
31.3 
27.7 
36.5 
OS 
1.33 
1.95 
1.20 
1.23 
1.81 
2.01 
1.00 
1.02 
1.48 
1.45 
H 
6 . 2  
5.6 
8 
t h  
5.0 
1:1 
5.6 
5.3 
1:1 
7.0 
32.9 
38.8 
26.7 
31.6 
38.3 
28 .8  
32.1 
29.9 
30.3 
2^ 14* 
Table 2. (continued) 
Sample no. 
Poorly Drained 
Transition 
56 20 1.18 38.9 
57 22 1.02 48.2 
58 25 1.12 52.4 
Porested 
Pianosols 
59 21 1.17 39.5 
60 20 1.14 50.3 
61 23 1.02 52.3 
62 18 0.95 64.2 
Prairie 
PianosoIs 
68 40 1.12 37-7 
69 16 1.32 50.0 
70 13 1.16 50.7 
71 25 1.05 52.4^  
72 20 0.93 60.3* 
73 28 1.19 34.3 
74 26 0.91 46.0 
Red-Yellow 
Podzolic 
75 16 0.89 26.5 
76 10 0.92 28.4 
77 10 0.88 25.0 
4 5 6 7 
2.06 
2.30 
2.89 5.3 
5.1 
4.7 
5.3 
29.4 
34.6 
34.5 
2.09 
3.57 
3.04 
3.59 
4.9 
4.6 
4.4 
4.6 
4.8 
4.6 
4.2 
4.6 
31.8 
35.5 
32.2 
38.0 
-Cr 
1.37 
2.00  
1.83 
2.49 
4.37 
2.57 
2.60 
.6 .*8 
5.5 
7.5 
4.4 
5.3 
5.0 
5-3  
19.0 
35.7 
37.0 
43.5. 
42.2* 
27.1 
28.3 
2.21 
1.76 
1.50 
5.0 
4.7 
4.7 
5.0 
4.3 
4.4 
09.3 
15.1 
12.0 
Table 2. (continued) 
8 9 10 
Base Ex.Ca/ Ex.Mg/ 
satu- 100 g 100 g 
Sample no. ration soil soil 
% m • 6 • m.e 
Chernozems 
1 91 16.8 9.3 
2 90 20.0 8.0 
3 85 19.2 7.6 
4 89 18.8 7.9 
Well Drained 
Brunizems 
5 86 16.6 7.4 
6 90 15.5 7.7 
7 83 17.4 7.6 
8 88 14.0 5.9 
9 77 12.3 5.7 
10 76 11.8 6.4 
11 91 18.6 7.6 
12 87 17.7 7.0 
13 80 13.7 7.0 
14 92 18.2 8.4 
15 87 15.0 6.5 
16 93 14.7 6.6 
17 97 23.5 7.6 
18 84 13.8 8.2 
19 89 15.9 9.0 
11 12 13 14 
Ex. 
Ca/Mg Ex.Ga xlO Ex.Mg xlO C.E.C.xlO 
ratio %<0.002mm <^0.002mm %<0.002mm 
m.e./g m.e./g m.e./g 
1.8 4.8 2.7 8.2 
2.5 4.9 2.0 ?•? 
2.5 4.6 1.8 7.5 
2.4 4.6 1.9 7.3 
2.2 4.9 2.2 8.1 f 
2.0 5.2 2.6 8.6 
2.3 4.8 2.1 8.2 
2.4 4.6 1.9 7.5 
2.2 3.6 1.7 6.8 
1.9 3.5 1.9 7.0 
2.4 4.3 1.8 6.7 
2.5 4.1 1.6 6.6 
2.0 3.7 1.9 7.0 
2.2 4.4 2.0 7-0 
2.3 4.4 1.9 7.3 
2.2 4.4 2.0 6.9 
3.1 5.0 1.6 6.8 
1.7 3.5 2.1 6.7 
1.8 4.0 2.3 7.0 
Table 2. (continued) 
Samrle no. 8 9 10 
Well Drained 
Transition 
(Brunizem-
Gray Brown 
Podzolic) 
20^  94 15.5 7.4 
21®- 78 11.9 7.7 
22 78 9.8 6.8 
23 86 12.9 8.2 
24 — — — — — — 
Well Drained 
Gray-Brown 
Podzolic 
25^  82 14.7 7.0 
26 79 6.1 4.5 
27 85 12.8 8.2 
28 70 11.8 7.2 
Imperfectly 
Drained 
Brunizems 
29 
30 
31 
32 
33 
3^  
35 
36 
37 
38 
39 
4-0 
100 17.9 7.9 
99 19.1 10.4 
91 14.6 6.4 
86 15.9 6.0 
83 17.3a 10.6* 
81 17.1a 11.6^  
88 18.2 9.1 
90 16.6 8.7 
86 14.2* 9.3* 
73 11.6 6.7 
94 15.3* 14.2* 
77 16.2* 10.6^  
11 12 13 14 
2.1 
1.6 
1.4 
1.6 
4.5 
3.4 
2.1 
2.0 
1.9 
2 . 2  
7.0 
6 . 6  
6 . 0  
6.5 
2.1 
1.8 
1.6 
1.6 
4.1 
1.7 
3.3 
3.1 
1.9 
1.3 
2.1 
1.9 
1:1 
6.4 
7.2 
2.3 
1.8 
1.6 
1.5 
2.0 
1.9 
1.5 
1.7 
1.1 
1.5 
5.5 
U 
4.5 
3.9 
3.9 
4.4 
4.3 
3.2 
3.4 
3.7 
4.0 
2.4 
2.9 
2.1 
1.7 
2.4 
2 . 6  
2 . 2  
2 . 2  
2.1 
1.9 
3.4 
2.7 
7.9 
8.3 
7.7 
7.2 
6 . 8  
6.9 
7.4 
U 
8.7 
Table 2. (continued) 
Sample no. 8 9 10 
Imperfectly 
Drained 
Transition 
(Brunizem-
Gray-Brown 
Podzolic) 
41 82 15.4 6.2 
42^  82 14.2 8.7 
43 89 17.3 10.6 
44 76 14.6 9.2 
45 — — — — 
Imperfectly 
Drained 
Gray-Brown 
Podzolic 
46 82 14.9 6.8 
47 51 7.2 8.7 
48 83 14.2 8.8 
49 67 18.2 6.1 
Wlesenboden 
50 84 19.4 8.3 
51 91 23.2 12.3 
52 92 23.9 10.6 
53 100 23.0 10.0 
54 : 87 21.5 12.0 
55 ' 81 14.0 9.^  
63 113 26.2 10.2 
64 122 28.0 8.5 
65 91 18.9 8.6 
66 86 19.4 9.6 
67 94 12.7^  12.0^  
11 12 13 14 
1.6 
1.6 8 
1.8 
2.2 
2.3 
2.1 
7.4 
7.2 
2 . 2  
0 . 8  
1.6 
3.0 
3.9 
1.5 
3.4 
3.5 
1.8 
1.8 
2.1 
1.2 
6 . 8  
6 . 6  
6 .6  
7.1 
2.3 
1.9 
2.3 
2.3 
1.8 
1.5 
2 . 6  
3.3 
2 . 2  
2 . 0  
1.1 
4-.7 
4.7 
4.4 
6 . 6  
7.0 
4.5 
4.8 
3.7 
2 . 0  
2.5 
2.5 
2.4 
2.5 
::: 
2.1 
2.1 
2.4 
3.5 
8.0 
?;L 
7.7 
7.9 
6.9 
8.1 
7.4 
7.2 
8.4 
7.7 
Va O 
Table 2. (continued) 
Sample no. 8 9 10 
Poorly Drained 
Transition 
56 90 18.0 8.3 
57 87 19.5 10.5 
58 81 16.0 11.8 
Forested 
PianosoIs 
59 83 18.3 8.0 
60 70 14.1 10.8 
61 75 13.1 11.8 
62 38 9.7 4.6 
Prairie 
PianosoIs 
68 83 11.2 4.5 
69 89 20.8 10.8 
70 88 23.6 8.9 
71 '78 22.0 12.1 
72 57 15.3a 8.9' 
73 86 12.8a 10.5' 
74 38 6.6 4.0 
Red-Yellow 
Podzolic 
75 40 0.9 2.8 
76 25 1.6 2.2 
77 75 5.3 3.7 
11 12 13 14 
2 . 2  4.6 
4.1 
3.1 
2.1 
2 . 2  
2.3 
7.6 
7.2 
6 . 6  
2.3 
1.3 
1.1 
2.1 
4.6 
2 . 8  
2.5 
1.5 
2 . 0  
2 . 2  
2.3 
0.7 
8.1 
l - . l  
5-9 
2.5 
1.9 
2.7 
1.8 
1.7 
1.2 
1.7 
4.7 
4.2 
2.5 
3.7 
1.4 
1.2 
2 . 2  
1.8 
2.3 
1.5 
3.1 
0.9 
5.0 
7.1 
7.3 
8.3 
7.0 
7.9 
6 . 2  
0.3 
0.7 
1.4 
0.3 
0 .6  
2.1 
1.1 
0.8 
1.5 
3.5 
Table 2. (continued) 
15 16* 17* 
Organic Distance Mean 
carbon from annual 
in soil Platte Co. precip­
Sample no. sample Neb. itation 
Chernozems % miles Inches 
1 0.7 145 26 
2 1.2 45 26 
3 1.1 45 26 
4 1.1 45 26 
Well Dtrained 
Brunizems 
5 1.0 145 28 
6 0.7 105 26 
7 1.2^  130 28 
8 2.0* 95 27 
9 1.3 125 28 
10 1.1 125 28 
11 0 .8 25 24 
12 1.3. 1 24 
13 1.2* 155 31 
14 0.7 80 28 
15 0.6 250 32 
16 0.5 255 32 
17 1.5 100 31 
18 0.6 265 34 
19 0.4 305 34 
18 19a 20* 21* 
Distance Mean 
K in from max. 
<0.OOlmm Lyon Co. Jiiiy 
Slope fraction Iowa temp 
% % miles Op 
3.5 1.45 1 88 
4.0 1.47 95 90 
0.5 1.72 110 90 
0.8 1.72 115 90 
3.5 1.39 40 88 
3.5 1.55 45 88 
3.5 1.42 55 87 
3.5 1.53 100 89 
1.5 1.60 110 89 
2.0 1.54 110 89 
1.0 1.79 125 91 
1.0 1.92 145 91 
3.5 1.54 165 89 
3.0 1.68 170 91 
3.0 1.30 195 87 
2.5 1.26 205 87 
2.0 1.56 225 92 
4.0 1.37 235 88 
2.0 1.42 275 88 
y 
Table 2. (continued) 
Sample no. 15 l6^  I7 a 
Well Drained 
Transition 
(Brunizem-
Gray Brown 
Podzolic) 
20^  0.6 1^ 5 28 
21^  0.6 150 31 
22 0.6 260 32 
23 0.4 300 34 
24 — 455 36 
Well Drained 
Gray-Brown 
Podzolic 
25^  0.5 150 30 
26 0.4 250 32 
27 0.6^  250 34 
28 0.3 300 34 
Imperfectly 
Drained 
Brunizems 
29 0.7 140 28 
30 1.1 155 28 
31 0.5 115 29 
32 1.3 250 32 
33 0.4 225 33 
34 0.6 230 33 
35 0.5 180 31 
36 0.6 295 34 
37 0.6 310 35 
38 1.0 350 34 
39 0.8 450 36 
40 1.4 455 36 
18 19a 20a 21®-
2.5 
5.0 
3.0 
3.5 
3.0 
1.49 
1.60 
1.33 
1.38 
1.62 
1 ^1 
205 
270 
440 
87 
88 
90 
3.0 
3.0 
7.0 
7.0 
1.57 
1.47 
1.57 
1.48 
180 
210 
230 
265 
90 
88 
89 
88 
0 .8  
0.5 
1.0 
2 . 0  
2.0 
2 . 0  
1.0 
2 . 0  
4.0 
1.5 
1.0 
1.0 
1.35 
1.24 
1.48 
1.39 
1.27 
1.12 
1.44 
1.32 
1.45 
1.25 
1.14 
1.23 
40 
55 
125 
200 
235 
240 
245 
270 
295 
320 
445 
445 
86 
86 
89 
87 
89 
i 
88 
88 
90 
89 
Table 2. (continued) 
Sample no. 15 l6^  1?^  
Imperfectly 
Drained 
Transition 
(Brunizem-
Gray -Br own 
Podzolic) 
4-1 0.^  245 32 
42^  0.5 280 34 
43 0.6 300 34 
44 0.4 300 35 
45 — 465 35 
Imperfectly 
Drained 
Gray-Brown 
Podzolic 
46 0.3 255 32 
47 0.3 245 34 
48 0.3 290 34 
49 0.3 300 35 
Wiesenboden 
50 0.7 240 32 
51 0.6 175 32 
52 0.8 280 34 
53 0.5 300 34 
54 1.0 305 35 
55 0.4 460 36 
63 0.8 150 28 
64 0.9 165 28 
65 0.8 180 31 
66 0.6 170 31 
67 0.7 415 35 
18 19a 20^  21^  
2.0 1.39 200 
1.0 1.35 250 
2.0 1.22 270 
2.5 1.29 285 
0.3 1.33 455 
3.0 1.37 205 
3.0 1.36 235 
2.0 1.44 260 
2.5 1.31 285 
0.5 1.19 200 
0.3 1.16 205 
0.5 1.13 260 
0.5 1.19 275 
0.5 1.22 290 
0.5 1.31 455 
0.5 1.26 35 
0.5 1.33 55 
0.5 1.53 180 
0.3 1.39 220 
0.3 1.27 405 
88 
88 
88 
89 
90 
88 
89 
88 
89 
88 
89 
88 
88 
89 
II 
86 
I: 
90 
Table 2. (continued) 
Sample no. 15 16^  17a 18 19a 20^  21^  
Poorly Drained 
Transition 
56 0.3 260 32 0.5 1.30 220 88 
57 0.7 290 34 0.5 1.21 260 88 
58 0.6 295 35 0.5 1.25 285 89 
Forested 
Planosols 
59 0.5 255 32 0.3 1.32 215 88 
60 0.8 300 34 0.3 1.29 265 88 
61 0.9^ 295 35 0.3 1.23 280 89 
62 0.8^  275 36 0.3 1.14 285 89 
Prairie 
Planosols 
68 — — 120 29 0.3 1.50 125 90 
69 1.1 75 25 0.5 210 92 
70 1.0 120 29 1.0 1.66 215 92 
71 0.9 200 33 0.3 1.21 220 89 
72 1.0 295 36 0.5 1.00 310 89 
73 0.3 450 37 1.0 1.25 470 90 
74 0.5 4-80 39 1.0 1.20 480 90 
Red-Yellow 
Podzolic 
75 0.6 600 24-8 1.8 1.27 630 90 
76 0.6 620 52 4.0 1.40 675 92 
77 0.5 620 52 1.5 1.50 675 92 
56 
in the surface A horizon. 
5. The sample pH was chosen because the depletion of Mg 
has been related to H ion diffusion into octahedral positions 
of montmorillonite. 
6. The lowest pH of the profile was selected as an indi­
cation of maximum amount of H ion present. 
7. Cation exchange capacity was selected as an indica­
tion of clay species and content. 
8. Base saturation is a measure of exchangeable hydrogen. 
9. The quantity of exchangeable calcium is a standard 
determination. 
10. To check the relationship of exchangeable to non-
exchangeable magnesium, the exchange magnesium content was 
added to the list of criteria. 
11. The exchangeable Ca/Mg ratio has been used as an 
index of soil development. 
12. 13. 14. Exchangeable' calcium, magnesium, and 
cation exchange capacity were converted to a per gram of 
<0.002 mm clay basis, because each of these are important 
properties of the clay fraction. 
15. Percent organic carbon in the sample was added to 
check the effect of organic matter content on percent magne­
sium in <0.001 mm fraction. 
16. Miles from Platte Co., Nebraska, was used in a pre­
vious study on potassium by Wells (84). 
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17• Inches of mean annual precipitation is an approxi­
mation of water received on the soil surface. The general 
precipitation pattern for Iowa is shown in Figure 5* Precip­
itation data were interpolated for the sites from maps in the 
various publications on the climates of the several states 
(2, 28, 31» 46, 52, 69) from which soil samples have been in­
cluded . 
18. The percent slope was included to check how effec­
tively its influence was removed. 
19. Percent total potassium in the <0.001 mm fraction 
was included because it is an integral component of the clay 
fraction. 
20. Miles from Lyon Co., Iowa, was added after viewing 
the temperature distribution over Iowa (Figure 6). This para­
meter is roughly a diagonal across a grid formed by the mean 
annual precipitation and mean maximum July temperature iso­
therms . 
21. McClelland (51b) has shown that temperature does 
affect the rate of release of bases from minerals. The mean 
maximum temperature for July was added as a parameter repre­
senting temperature influence on magnesium variation. The 
temperature data were interpolated from maps in the various 
publications on the climates of the states (2, 28, 31, 46, 52, 
69). 
Figure 5. Map of the mean annual precipitation in Iowa (reproduced from 
Elford (31)) 
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Statistical analysis of data 
Correlation matrices were determined by the IBM 70?^  high 
speed computer. 
Seven of the soil samples listed in Tables 1 and 2 were 
excluded from statistical analysis. Samples 24, 39» 5^ arid 
6? were excluded because the data were not complete. Samples 
33 and 73 were horizons below the B horizon clay maximum. 
Soil sample 68 is a "cumulic" Pianosol forming in a depres-
sional type of topography, and has a thicker A2 and greater 
depth to the B horizon than the other Planosols. 
The soil samples in Table 2 were grouped into vegetation 
classes, crossing all drainage classes. All drainage classes 
were included because some vegetative classes were represented 
by only three or four samples from any one drainage class. To 
investigate drainage effects all vegetation classes within any 
one drainage class were grouped together. The Chernozems and 
well-drained Brunizems were grouped to check on well drained 
soils formed under grass vegetation. Also a shorter traverse, 
including only Iowa and Missouri soil samples, was investi­
gated. The soil samoles included in each group are listed in 
Table 3* The correlation coefficients involving magnesium in 
the CO.001 mm fraction of the B horizon of maximum clay con­
tent for each group are listed in Table 4. Best correlations 
can be quickly found by scanning the list of coefficients. 
With this type of data there are no precedents as to what 
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Table 3* Soil sample numbers included in each of nine 
groupings of soil samples in the traverse study 
Computer 
card 
identifi­
cation Soil grouping 
10122 name 
Number 
of Soil sample 
samples numbers included 
2536 Complete traverse 70 1-77 except 2k- ,  33* 
39, 45, 67, 68 and 73 
1536 Iowa and Missouri 5^  1, 5-10, I3, 15, I6, 
18-23, 25-32, 34-37, 
41-44, 46-54, 56-66, 
71, 72 
3536 All Well Drained 27 1-23, 25-28 
4536 All Imperfectly 18 29-32, 34-38, 40-44, 
Drained 46-49 
5536 All Poorly Drained 22 50-66, 69-72, 74 
9536 Chernozems and Well 19 I-I9 
Drained Brunizems 
6536 Well and Imperfectly 35 5-19, 29-32, 34-38, 
Drained Brunizems 40, 50-55, 63-66 
and Wiesenbodens 
(Beferred to as 
Brunizems in follow­
ing tables) 
7536 All Transitional 11 20-23, 41-44, 56-58 
(Brunizem-Gray 
Brown Podzolic) 
8536 All Forested 12 25-28, 46-49, 49-62 
(Gray-Brown Podzolic 
and Forested 
PianosoIs) 
Table 4. Correlation coefficients between % Mg in the< 0.001 mm fraction from the 
B horizon of maximum clay accumulation and each variable within the nine 
groupings of soil samples 
Variable No. of samples: 
All vegetation classes 
Imper-
Complete Iowa and Well fectly Poorly 
traverse Missouri Drained Drained Drained 
70 54 27 18 22 
Name 
Depth to middle of max. clay 
% < 0.002 mm clay 
B/A clay ratio 
pH 
Lowest pH in profile 
C.E.C./lOO g soil 
fo Base saturation 
Ex. Ca/lOO g soil 
Ex. Mg/lOO g soil 
Ex. Ca/Kg ratio 
Ex. Ca xlO/^ < 0.002 mm 
Ex. Mg xlO/#< 0.002 mm 
C.E.C. xlO/#< 0.002 mm 
% Organic carbon 
Disteince from Platte Co., Neb. 
Mean annual precipitation 
% Slope 
 ^K in <0.001 mm fraction 
Distance from Lyon Co., la. 
Mean max. July temperature 
No. 
1 
-.23 — .45 -.25 -.55 - .53 
3 -.25 -.71 -.28 — .46 - .52 
4 
-.53 -.64 -.28 -.32 —. 60 
5 + .55 + .50 + .41 + .57 + .76 
6 + .49 + .43 + .20 + .40 + .70 
7 + .01 -.54 + .26 — .45 -.31 
8 + .68 + •57 + .33 +. 60 + .77 
9 + .46 + .12 + .25 + .27 + .68 
10 + .21 -.20 + .40 -.10 + .27 
11 + .46 + .28 + .02 + .22 +. 54 
12 + .67 + .52 + .47 + .54 + .74 
13 + .50 + .38 + .65 + .24 +. 52 
14 + .51 + .34 +. 68 + .18 + .32 
15 + .10 — .01 -.07 -.20 + .15 
16 
-.69 —. 54 -.23 -.67 -. 60 
17 -.76 -.72 -.33 -.75 —. 83 
18 +. 26 + .33 + .20 -.30 — .02 
19 + .4o +. 50 -.06 + .29 + .52 
20 -.80 
-.75 -•55 -.81 -.72 
21 
-.33 -.49 — .02 —. 67 -.26 
Table 4. (continued) 
Chernozems and All drainage classes 
Well Drained Transi-
Brunizems Brunizems tional Forested 
Variable No. of samples: 19 35 11 12 
Name No. 
Depth to middle of max. clay 1 -.21 -.50 + .12 + .60 
% < 0.002 mm clay 3 -'35 -.51 -.61 -.91 
B/A clay ratio 4 -.31 —. 58 -.47 -.76 
pH 5 + .65 +. 56 + .27 + .34 
Lowest pH in profile 6 + .30 + .45 + .40 + .17 
C.E.C./lOO g soil 7 +. 14 -.37 — « 56 -.74 
% Base saturation 8 + .24 + .36 + .15 + « 80 
Ex. Ca/lOO g soil 9 + .10 -.07 -.36 + .21 
Ex. Mg/100 g soil 10 + .45 -.28 -.51 —. 02 
Ex. Ca/Mg ratio 11 
-.27 + .20 + .22 + .09 
Ex. Ca xl0/^ < 0.002 mm 12 + .52 + .40 + .35 +. 58 
Ex. Mg xlO/^  <0.002 mm 13 + .76 + .13 -.22 + .46 
C.E.G. xlO/# <0.002 mm 14- + .73 +. 26 + .01 + .46 
% Organic carbon 15 -.26 -.02 -.51 
-.57 
Distance from Platte Co,, Neb. 16 —. 10 
-.53 - • 53 -.42 
Mean annual precipitation 17 -.27 -.62 -.49 - '75  
% Slope 18 +.55 + .49 + •55 + .47 
 ^K in <0.001 mm fraction 19 -.19 + .32 + .74 +. 86 
Distance from Lyon Co., la. 20 
-.59 -.75 — ,48 -.71 
Mean max. July temperature 21 -.18 —. l4 + .03 -.21 
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magnitude of correlation coefficient is meaningful. Because 
it was decided to do the statistical analysis after the data 
were collected, the sample distribution is not uniform over 
the whole traverse (Figures 3 and 4). To a considerable ex­
tent, however, the samples had to be selected in this manner 
because existing data predetermined the sample site. Tenta­
tively, an arbitrary value (r = + .65) was chosen as the min­
imum correlation coefficient of significance. Any value 
greater than + .65 will be considered as a true trend or rela 
tionship. Additional studies will need to be made to deter­
mine if this is a reasonable assumption. 
Magnesium and the two distance parameters 
Within the complete traverse magnesium correlates best 
with distance from Lyon Co., Iowa, and third best with dis­
tance from Platte Co., Nebraska. The high correlation coeffi­
cients in Table 5 suggest that the two distance variables 
apparently are primarily measures of mean annual precipita­
tion. The distance variables are not soil properties and by 
themselves do not influence soil development. For these 
reasons the two distance variables will not be discussed any 
further. 
Table 5* Correlation coefficients between mean annual precipitation and each of 
two distance measurements within the nine groupings of soil samples 
All vegetation classes Chernozems 
Imper- and well All drainage classes 
Complete Iowa and Well fectly Poorly drained Bruni- Transi- For-
No . of traverse Missouri drained drained drained Brunizems zems tional ested 
samples: 70 5^  2? 18 22 19 35 11 12 
Variable 
Name No. 
Distance 
from 
Platte 
Co • ; 
Neb. l6 +.94 +.92 +.92 +.89 +.89 +.90 +.93 +.91 +.78 
Distance 
from 
Lyon Co., 
la. 20 +.93 +.96 +.81 +.92 +.81 +.74 +.86 +.98 +.94 
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Magnesium, percent slope and temperature 
The low correlation coefficients between percent slope 
and magnesium support the assumption that the influence of 
slope was held fairly constant. 
The mean maximum temperature for July did not correlate 
well with magnesium, except within the imperfectly drained 
samples where the correlation coefficient was -.67. However, 
temperature and slope are soil forming factors and as such 
they may make statistically significant contributions in mul­
tiple regression equations. 
Magnesium and the pH measurements 
The sample pH values are more highly correlated with 
magnesium than are the lowest pK values in the profile (Table 
. The two pH determinations are highly correlated with 
each other (Table 6). For this reason the lowest pH in the 
profile will not be considered any further. 
Magnesium and exchange variables on 
the basis of 100 grams of soil 
Because cation exchange capacity and exchangeable Ca and 
Mg values of the whole soil sample do not correlate as well 
with magnesium as do their counterparts on the basis of 
percent <0.002 mm clay (Table 4), they will not be discussed 
any further. Also, the Ex.Ca/Ex.Mg ratio is not highly 
Table 6. Correlation coefficients between soil sample pH and the lowest pH in the 
profile within the nine groupings of soil samples 
All vegetation classes Chernozems 
Imper- and well All drainage classes 
Complete Iowa and Well fectly Poorly drained Bruni- Transi- For-
No. of traverse Missouri drained drained drained Brunizems zems tional ested 
samples; 70 5^  2? 18 22 19 35 11 12 
Variable 
Name No. 
Lowest 
pH in 
profile 6 +.92 +.93 +.89 +.95 +.95 +.80 +.88 +.89 +.93 
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correlated with magnesium (Table 4). 
Magnesium and percent organic carbon 
The low correlation coefficients between magnesium and 
percent organic carbon (Table 4) indicate that organic matter 
as measured here did not significantly influence the magnesium 
values. 
Magnesium and mean annual precipitation 
In the complete traverse, mean annual precipitation cor­
relates better with magnesium than any of the remaining vari­
ables (Table 4). The distribution of points (Figure 7) sug­
gests a curvilinear relationship between magnesium and mean 
annual precipitation. However, the large number of samples 
between 28 and JS inches precipitation do not allow any better 
fit than is expressed in Figure 7» The best correlation (r = 
-.83) between precipitation and magnesium occurred with the 
poorly drained soils (Figure 8). The correlation coefficient 
between magnesium and precipitation was -.75 for the imper­
fectly drained samples. The well drained samples had a poor 
correlation (r = -.33) between precipitation and magnesium. 
It appears that poorer drainage results in a closer relation­
ship between precipitation and magnesium. 
Figure 7 .  The relationship between % magnesium in the<0.001 mm fraction 
of the B horizon of maximum clay accumulation and mean annual 
precipitation within the soil samples in the complete traverse 
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Magnesium and various exchange variables 
on the basis of percent <0.002 mm clay 
Next to precipitation, in the complete traverse, percent 
base saturation correlated (r = +.68) best with magnesium. 
The calculation of percent base saturation involves exchange­
able Ca, Mg and cation exchange capacity. The percent base 
saturation is also a measure of H ion saturation. 
The correlation coefficients between precipitation and 
several exchange variables are listed in Table 7. The 
Ex.Kg xl0/^<0.002 mm clay and C.S.C. xl0/^<0.002 mm clay cor­
relate poorly with precipitation. With the exception of the 
well drained Brunizems (r = -.04), base saturation correlates 
similarly to pH and Ex.Ca xl0/^<0.002 mm clay with precipita­
tion. In all soil groups none of the variables listed in 
Table 7 correlated highly with precipitation. 
The correlation coefficients between percent base satu­
ration and other exchange variables are shown in Table 8. 
Base saturation correlates well with Ex.Ca xl0/;^<0.002 mm 
clay. As Ex.Ca xlO/,^<0.002 mm would explain nearly the same 
variation as base saturation it will not be considered fur­
ther. The correlation coefficients of C.E.C. xl0/^<0.002 mm 
and Ex.Mg xl0/^<0.002 mm with base saturation are not high. 
The best correlation (r = +.80) between magnesium and base 
saturation occurred in the forested soil samples (Figure 9)« 
This may be explained by the wide range (38-83^) in base 
Table ?• Correlation coefficients between mean annual precipitation and each of 
the following variables; pH, % base saturation, fféTÏÏôSi» |<Q!^002^ 
and within the nine groupings of soil samples 
All vegetation classes Chernozems 
Imper- and well All drainage classes 
Complete Iowa and Well fectly Poorly drained Bruni- Transi- Por-
No. of traverse Missouri drained drained drained Brunizems zems tional ested 
samples: 70 5^ 2? 18 22 19 35 H 12 
Variable 
Name No. 
pH 5 —«51 —«59 —«62 -«5^ ~«73 -.56 -«40 ~«53 -«43 
% Base 
satura­
tion 8  —«65 —«49 — « 33 —«64 —«70 + .o4 — « 2 1  —.42 — « 6 2  
12 --69 --59 - . 5 6  - . 7 3  -.70 - . 3 7  - . 3 2  -.58 -.52 
§?n"nn?^m 13 -.41 -.28 -.01 -.29 -.40 +.06 +.29 +.49 -.26 &<0.002mm 
^<0«*0Ô2™ -'63 -'55 - . 4 8  - . 4 1  - « 4 7  - « 3 0  - . 1 7  - « 0 1  - « 4 7  
Table 8. Correlation coefficients between % base saturation and each of the 
following: pH, |<ô?OoSm' ^^ô'I'ooZm ^<o'.oÔ2™ "ithln the nine 
groupings of soil samples 
All vegetation classes Chernozems 
Imper- and well All drainage classes 
Complete Iowa and Well fectly Poorly drained Bruni- Transi- For-
No. of tràverse Missouri drained drained drained Brunizems zems tional ested 
samples: 70 5^ 2? 18 22 19 35 11 12 
Variable 
Name No. 
p H  5 +.65 +•?! +.54 + . 7 8  + . 7 7  + . 2 8  + . 5 1  + . 6 3  + . 3 8  
i < Ô ? 0 0 2 ^  + ' 8 9  + . 8 6  + . 6 5  + . 8 8  + . 9 4  + . 6 7  + . 7 8  + . 5 7  + . 7 1  
|<Ô^!o02mm ^3 +.70 + . 6 5  +.27 +-54 + . 7 8  + . I 6  +.24 +.34 +.64 
C £ C xXO 
#<o!oÔ2mm +'55 +.43 +.25 + . 3 6  +.54 + . 0 8  +.12 +.37 + . 3 8  
Figure 9* The relationship between % magnesium in the<0.001 mm fraction 
and % base saturation of the B horizon of maximum clay 
accumulation within the forested soil samples 
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saturation values of the forested soils. The poorly drained 
soils produced the next highest correlation (r = +.77) between 
base saturation and magnesium (Figure 10). This relationship 
may also be due to the wide range (38-122^) in base saturation 
values. The two Marcus samples had high exchangeable Ca con­
tents, which caused the base saturation to be over 100 per­
cent . 
If octahedral magnesium is displaced by adsorbed hydrogen 
ions (Barshad, 4) to exchangeable magnesium, then Ex.Mg xlO/ 
,^<0.002 mm clay may be an important indicator of the magnesium 
character of the clay. C.E.C. xl0/%<0.002 mm clay and percent 
potassium in the <0.001 mm fraction are clay mineral charac­
teristics and should also be tested for their relationship to 
Mg content of clay. The Ex.Mg xl0/^<0.002 mm clay and 
C.E.C. xl0/^<0.002 mm clay correlate best within the well 
drained groups and the complete traverse (Table 9). Within 
both groupings of the well drained soils C.E.C. xlO/^<0.002 
mm clay and Ex.Mg xl0/^<0.002 mm clay correlate best with mag­
nesium (Table 4). These two variables may be explaining the 
same variation in magnesium content. From Figures 11 and 12 
it can be seen that the distribution of points involving 
C.E.C. xl0/^<0.002 mm clay and Ex.Mg xlO/,^<0.002 mm clay are 
similar within all well drained soil samples. From Figures 
13 and 14 it can be seen that the distribution of points in­
volving C.E.C. xl0/,i^ <0.002 mm clay and Ex.Mg xl0/^<0.002 mm 
Figure 11. The relationship between % magnesium in the <0.001 mm fraction 
and C.E.C. xlO/^<0.002 mm clay of the B horizon of maximum 
clay accumulation within all well drained soil samples 
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Figure 1 3 .  The relationship "between % magnesium in the <0.001 mm fraction 
and C.E.C. xl0/^<0.002 mm clay of the B horizon of maximum clay 
accumulation within the Chernozems and well drained Brunizems 
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<0.001 mm fraction and Ex.Mg xl0/,^<0.002 mm clay 
of the B horizon of maximum clay accumulation 
within the Chernozems and well drained Brunizems 
Table 9. Correlation coefficients between each of the following; 
^ K in the <0.001 mm fraction within the nine groupings 
of soil samples 
All vegetation classes Chernozems 
Imper- and well All drainage classes 
Complete Iowa and Well fectly Poorly drained Bruni- Transi- For-
No . of traverse Missouri drained drained drained Brunizems zems tional ested 
samples: 70 5^ 2? 18 22 19 35 11 12 
Variable 
Name No. 
^<6^002^ +'63 +'49 +.60 +.51 +.52 +.72 +.52 +.01 +.36 
^ K in 
<0.001 mm 
fraction I9 -.15 -.10 -.0? -.26 +.I3 -.29 -.25 -.18 +.I9 
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clay are similar within the Chernozems and well drained Bruni-
zems. 
The percent K in the <0.001 mm fraction of the B horizon 
of maximum clay content does not correlate well with C.E.C. 
xl0/^<0.002 mm clay (Table 9)* 
Magnesium and potassium in the <0.001 mm clay 
Potassium and magnesium are most highly correlated within 
the forested soil samples (Table 4). This relationship is 
shown in Figure 1$. A slightly lower correlation occurred in 
the transitional (Brunizem-Gray Brown Podzolic) soils (Figure 
l6). From these figures it is suggested that a curvilinear 
relationship with a more directly proportional relationship at 
lower values of magnesium and potassium exists. This directly 
proportional trend is brought out in Figure 17 where only the 
poorly drained forested and transitional soil samples are 
represented. 
Magnesium and percent <0.002 mm clay content 
When the traverse was restricted to the Iowa and Missouri 
soil samples the correlation coefficient between magnesium and 
#<0.002 mm clay increased to -.71 from -.21 in the complete 
traverse (Table 4). This increase may be attributed in part 
to the removal of the Grenada soil samples which were low in 
^<0.002 mm clay and magnesium. The Grenada soils which have 
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been called Red-Yellow Podzolic soils (19) have a low base 
saturation and contain fragipans. Clay destruction processes 
are more severe in the Red-Yellow Podzolic soils than in the 
Gray-Brown Podzolic soils (Simonson, 65)• The removal of the 
Cisne soil sample (No. ?4) of Illinois which is low in magne­
sium and %<0*Q02 clay had the same effect as the removal of 
the Grenada samples. The removal of the two Nebraska Crete 
series soil samples (Nos. 69 and 70) which are high in 
^<0.002 mm clay and magnesium content also improves the rela­
tionship of decreasing magnesium content with increasing clay 
content. The point distribution relating magnesium with 
^<0.002 mm clay within the Iowa and Missouri soil samples is 
shown in Figure 18. 
The forested soils from Iowa and Missouri provide the 
best correlation (r = -.91) between magnesium and ,#<0.002 mm 
clay (Figure 19). The correlation coefficient between magne­
sium and ^<0.002 mm clay Increases from -.25 to -.7I as the 
samples are stratified from the whole traverse to Iowa and 
Missouri soil samples. With further restriction to forested 
soil samples from Iowa and Missouri the correlation coeffi­
cient increases to -.91 between magnesium and #<0.002 mm clay. 
The B/A clay ratio is closely correlated to #<0.002 mm 
clay in the B horizon in all but the two well drained groups 
of soils (Table 10). The depth to the middle of the maximum 
clay horizon is unrelated to #<0.002 mm clay in the B horizon 
Figure 18. The relationship between % mapnesium in the 
<0.001 mm fraction and #<0.002 mm clay of 
the B horizon of maximum clay accumulation 
within the soil samples from Iowa and Missouri 
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Table 10. Correlation coefficients between ^<0.002 mm clay and each of the 
following: depth to middle of maximum clay horizon and the B/A 
clay ratio within the nine groupings of soil samples 
Complete Iowa and 
No. of traverse Missouri 
samples: 70 5^ 
All vegetation classes 
Imper-
Well fectly Poorly 
drained drained drained 
27 18 22 
Chernozems 
and well All drainage classes 
drained Bruni- Transi- Por-
Brunizems zems tional ested 
19 35 11 12 
Variable 
Name No. 
Depth to 
middle 
of max­
imum 
clay 1 +.15 —.^5 -.11 +.06 -.09 -.09 +.12 +.09 -.71 
B/A 
clay 
ratio 4 +.69 +.83 +.03 +.80 +.82 +.37 +.67 +.93 +.91 
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maximum clay content (Table 10), except within the forested 
soil samples where r = -.fl. The depth to the middle of the 
maximum clay horizon does not correlate well with magnesium 
either (Table 4). 
Soil Profile Study 
Profile distribution of magnesium and 
potassium in the <0.001 mm fraction 
Magnesium and potassium were determined in the <0.001 mm 
fraction of several horizons of eieht profiles. These values 
and supplementary profile data are presented in Table 11. 
Only samples from three horizons were available from a 
Grenada soil profile. These are not sufficient to express 
trends within a soil profile. Therefore, it will not be in­
cluded in the discussion on profile weathering trends. The 
seven profiles studied are from Iowa and Missouri. The Galva 
and Primghar are series in northwest Iowa. The Otley, 
Mahaska and Taintor profiles are southeast Iowa soil series. 
The Putnam and Marion series are in northeast Missouri. 
Poorly drained prairie conditions are represented by the 
Taintor series. The Mahaska and Primghar series are imper­
fectly drained prairie soils. The Galva and Otley are well 
drained prairie soils. The Putnam and Marion are poorly 
drained Prairie and Forested Planosols, respectively. 
The clay distribution with depth in the seven profiles 
Table 11. Data on soil profiles 
Series 
name and 
horizon 
number 
Depth 
inches 
<0.002 mm 
clay 
% 
in in 
<0.001 mm <0.001 mm 
fraction fraction 
Ex.Me xlO^ 
^<0 .002mm 
m.e./g 
Ex.H xlO ^ 
^<0.002mm 
m.e./g 
I7A0* 
7AO 
Galva P-248 
P—2^8—1 0-7 32.1 1.15 1.70 1.93 1.49 2.2 
-2 7-12 33.8 1.25 1.51 2.31 0.95 4.2 
-3 12-16 30.0 1.37 1.47 2.60 0.70 5.0 
-4 16-20 29.8 1.38 1.55 — — 0.61 6.8 
-5 20-24 26.8 — — 2.69 0.67 — — 
-6 24-28 26.0 1.53 1.61 — mm 0.46 6.9 
-7 28-32 24.4 1.56 1.61 2.95 0.61 4.6 
-8 32-36 23.9 1.54 1.65 0.42 7.2 
-9 36-42 25.4 1.54 1.72 2.83 0.55 6.6 
-10 42-48 24.1 1.59 1.67 2.90 0.42 8.0 
-11 48-52 19.6 1.51 1.73 — — — — — — 
Primpchar S59 Iowa -21-4 
11143 0-7 38.7 1.12 1.37 2.38 3.13 2.3 
44 7-11 38.5 1.04 1.29 2.36 3.09 3.0 
45 11-16 38.6 1.15 1.25 2.64 2.67 5.1 
46 16-21 36.0 1.25 1.26 2.89 1.61 6.5 
47 21-30 32.0 1.46 1.39 3.13 0.88 5.5 
48 30-35 25.8 1.61 1.43 — — 7.6 
49 35-42 25.4 1.58 1.51 6.9 
^Data determined by the author. The other analyses are in the sources listed 
in Table 1. 
means Angstrom throug-hout manuscript. 
Table 11. (cont inued) 
Series Mg in K in 
name and <0.002 mm <0.001 mm <0.001 mm Ex.Mg xlO Ex.H xlÔ 17A° 
horizon Depth clay fraction fraction %<0.002mm %<0.002mm 7Ao 
number inches % ^ % m.e./g m.e./g 
Putnam P-186 
P-186-1 0-6 13.8 0.76 1.39 1.60 — — 1.6 
-2 6-11 20.2 0.74 1.45 0.79 —  —  2.7 
-3 11-17 23.2 0.86 1.30 0.95 — — 4.8 
17-22 60.3 0.93 1.00 1.48 — — 5.3 
"5 22-29 57.3 1.01 1.01 1.59 — — 6 .3  
-6 29-35 47.2 1.00 1.06 1.87 — —  5.9 
-7 35-43 37.1 1.05 1.14 2.29 — —  5.0 
-8 43-48 38.2 1.09 1.18 2.12 —  —  6 .9  
Marion P-424 
P—424—1 0-6 17.9 0.76 1.50 0.61 4.97 0.6 
-2 6-13 17.0 0.83 1.53 0.35 4.71 1.0 
-3 13-15 33.7 0.93 1.34 0 .56  3.77 2.6 
-4 15-21 64.2 0.96 1.14 0.72 3 .63  4.8 
-5 21-31 56.0 0.97 1.22 0 .96  3.29 6.4 
-6 31-42 44.8 1.05 1.45 1.25 2.39 6.4 
-7 42-48 37.9 1.06 1.41 1.38 1.66 6.7 
-8 48—56 36 .2  1.06 1.50 1.63 1.35 7.3 
Grenada Kentucky No. 2 
1 0-2 12.0 — — — — 2.08 — — 
2 2-10 17.1 0.79 1.42 0.89 1 .52  — —  
3 10-22 26.5 0.89 1.27 1.05 1.96 — — 
4 22-28 24.5 — — — — 1.14 4.42 — —  
5 28-41 30.8 — — — — 0.94 4.95 
6 41-63 27.2 — — — — 1.18 3.24 — — 
7 63-80  28.3 0.59 0.72 1.31 1.59 
Table 11. (continued) 
Series Mg in K in 
name and <0.002 mm <0.001 mm <0.001 mm Ex.Me: xlO Ex.H xlO 17A° 
horizon Depth clay- fraction fraction ^<0.002mm ^<0.002mm 7AU 
number inches % % % m.e./g m.e./g 
otley (S6l  Iowa-92-1)  and (P-713)  
16296 0-6  30.5  1 .01 1 .72 1 .44 2 .03 
97 6-11 35.9  1 .07 1 .58 1 .61 2 .93 
98 11-15 38.1  1 .12 1 .52 1 .60 2 .49 
99 15-20 40.0  1 .10 1 .42 2 .25 2 .07 
00 20-26 37.6  1 .15 1 .38 2 .45 2 .18 
01 26-32 36.6  1 .22 1 .27 2 .57 1 .94 
02 32-38 34.8  1 .27 1 .43 2 .58 1 .87 
03 38—46 31.6  1 .27 1 .46 2 .88 1 .87 
04 46-56 28.6  1 .27 1 .48 2 .90 1 .19 
05 56-67 26.4  1 .30 1 .59 3 .07 0 .83 
06 67-79 21.7  1 .39 1 .54 — —  0.65 
07 79-88 21.4  1 .41 1 .49 —  —  0.47 
Mahaska (S6l  Iowa-92-2)  and (P-715)  
16318 0-8  30.8  0 .95 1 .73 1 .43 4 .84 
19 8-13 34.8  0 .95 1 .63 1 .32 4 .00 
20 13-17 36.6  1 .00 1 .48 1 .56 3 .36 
21 17-23 38.0  1 .05 1 .31 1 .74 2 .92 
22 23-30 38.9  1 .13 1 .32 2 .24 2 .21 
23 30-35 36.4  1 .15 1 .29 2 .39 2 .11 
24 35-42 33.7  1 .20 1 .35 2 .49 1 .93 
25 42-51 32.6  1 .21 1 .38 2 .51 1 .47 
26 51-55 32.7  1 .1? 1 .32 2 .51 1 .53 
27 55-62 27.9  1 .36 1 .51 2 .80 1 .00 
28 62-67 26.2  1 .16 1 .31 2 .90 0 .99 
29 67-75 25.1  1 .35 1 .55 2 .87 0  .80 
30 75-82 25.2  1 .31 1 .48 —  —  0.56 
Table 11. (continued) 
Series Mg. in K in 
name and <0.002 mm <0.001 mm <0.001 mm Ex.Mg xlO Ex.H xlO 17A° 
horizon Depth clay fraction fraction ^<0.002mm %<0.002mm 7A° 
number inches % % % m.e./g m.e./g 
Taintor (S6l Iowa--92-3)  and (P-716) 
16331 0-7 33.6 0.85 1 .28 2 .17 2 .76 
32 7-13 39.1  0.95 1.19 2.30 1 .92 
33 13-18 41.2 0.97 1.20 2.33 1.43 
34 18-23 41.2 1.09 1.19 2.43 1.29 
35 23-28 39.5 1.14 1.20 2 .56 1 .09 
36 28-34 37.1  1 .23 1.25 2.70 1 .00 
37 34-37 34.8  1.34 1.33 2.50 1 .23 
38 37-46 31.5 1.30 1.38 2.79 0.76 
39 46-53 
53-64 
29.5 1.37 1.48 2.91 0.75 
4o 27.8 1.36 1.48 — — 0.58 
41 64-72 23.8  1.41 1.52 — —  0.34 
42 72-82 23.1  1.42 1.55 — — 0.43 
Table 11. (continued) 
Series C.E,C./ Sx.Mg:/ Ex.Mg^ Ex.Ca/ Ex.H/ Ex.H^ 
name and 100 g: 100 g saturation 100 g 100 g saturation 
horizon Depth PH soil soil of C.E.C. soil soil of C.E.C. 
number inches m.e. m.e. % m.e. m.e. % 
Galva P —248 
P—2^8—1 0-7 5.8 27.8  6 .2  22.3 16.2  4.8 17.2 
-2  7-12 6 .0  27.1  7 .2  26.6 16.4 3.2 11.8 
-3 12-16 6.2 25:7 7.7 30.0  15.5 2.1 8.2 
-4- 16-20 6.3 — — — — — — — — 1.8 — — 
-5 20-24 6.5  24.3 7.2  29.6  15.0  1.8 7.4 
-6 24-28 6.5 — — — — — — — — 1.2 
-7 28-32 6.6 23.8  7 .2  30.2  14.8 1.5 6.3  
-8  32-26 6.6 — — — — — — — — 1.0 
-9 36-42 6.8 24.4 7.2 29.5 15.4 1.4 5.7 
-10 42-48 6.5  23.5 7.0  29.7 15.1 1.0 4.3 
-11 48-52 7.9 — — — — — — — — 
Primghar S59 Iowa-21-4 
11143 0-7 5.6  31.4 9.2 29.3 23.6  12.1 38.6  
44 7-11 5.7 34.9  9.1 26.1  22.9  11.9  34.1 
5^ 11-16 5.7 33.0 10.2 30.9 21.7  10.3  31.3 
46 16-21 6.1 29.9 10.4 34.8 19.1 5.8  19.4 
47 21-30 7.1 26.1  10.0 38.4 18.1 2.8 10.7  
48 30-35 7.9 19.8  — — — — — — — — — — 
49 35-42 8.0 19.0  — — — — 
Table 11. (continued) 
Series C.E.C./ Ex.Mg-/ Ex.Mg Ex.Ca/ Ex.H/ Ex.H 
name and 100 g 100 g saturat ion 100 g 100 g saturation 
horizon Depth PH soil soil of C.E.C. soil soil of C.E.C. 
number inches m. e. HI • 0 • % m.e. m.e. % 
Putnam P-186 
P-186-1 0-6 5.6  14.1 2.2  15.1 7.0 — — w » 
-2  6-11 5.3 13.9 1.6 11.5 6.2 — —  
-3 11-17 5.5 15.5 2.2 14.2 5.9 — — — — 
—4' 17-22 5.5 42.2 8.9 21.1 15.3 — — — — 
-5 22-29 5.5 39.4 9.1 23.1  15.3 — — 
-6  29-35 5.7 33.0 8.8 26.7  14.6 — — — — 
-7 35-43 6.0 28.9  8.5 29.4 13.8  
-8 4^—48 6.3  27.3 8.1  29.7 14.1 — — 
Marion P-•424 
P-424-1 0-6 4.8 13.9 1.1 7.9 3.4 8.9  64.0 
-2  6-13 4.7 10.7  0.6 5.6 1.9 8.0 74.8 
-3 13-15 4.9 18.8 1.9 10.1 4.0 12.7  67 .6  
-4 15-21 4.6 38.0  4.6 12.1 9.7 23.3 61.4 
-5 21-31 4.6 36.2  5.4 14.9 12.1 18.4 50.9 
-6 31-42 4.7 29.4 5.6 19.0  12.8 10.7  36*4 
-7 42-48 5.0  26.5  6.0 22.6 13.9 6.3  23.8  
-8 48—56 5.2 25.3  5.9 23.3 14.3  4.9 19.4 
Grenada Kentucky No. 2 
1 0-2 6.4 13.1 2.5  19.1 10.4 — — — — 
2 2-10 5.3 5.8 1.5 25.9 1.4 2.6 44.9 
3 10-22 5.0 9.3 2.8 30.1 .9 5.2 56.0  
4  22-28 5.0 15.2 2.8 18.4 1.2 10.8 71.0  
5 28—41 5.2  17.0 2.9 17.0 1.2 12.1 71.3 
6 41-63 5.3 14.3 3.2 22.4 1.4 8.8 61.5  
7 63-80 5 .2  11.8 3.7 31.4 2.5 4.5 38.1  
Table 11. (continued) 
Series C.E.C./ Ex.Mg/ Ex.Mg Ex.Ca/ Ex.H/ Ex.H 
name and 100 g 100 g saturation 100 g 100 g saturation 
horizon Depth pH soil soil of C.E.C. soil soil of C.E.C. 
number inches m.e. m.e . % m.e. m.e. % 
Otley (S6l Iowa-92-1) and (P-713) 
16296 0-6 6.6 22.6 4.4 19.5 17.1 6.2 27.4 
97 6-11 5.3 23.7 5.8 24.5 13.7 10.5 44.3 
9 8  11-15 5.1 26.2  6.1 23.3 14.6 9.5 36.2  
99 15-20 5.1 28.1 9.0  32.0 15.9  8 .3  2 9 . 6  
00 20-26 5.2 28.2 9 . 2  32.6 16.0  8 . 2  29.1 
01 26-32 5.3 27.1 9.4 34.7 15.9 7.1 26.2  
02 32-38 5.5 25.8  9.0 34.9 15.5 6.5  25.2 
03 38-46 5.7 25.5 9.1 35.7 15.1 5.9 23.1 
04 46-56 6 .5  21.5 8 . 3  38.6  13.5 3.4 15.8 
05 56-67 7.1 20.4 8.1 39.7 1 3 . 2  2.2 10.8 
06 67-79 7.5 17.3 — — — — •— — 1.4 8.1 
07 79-88 7.4 16.6  — — — — — — 1.0 6.0 
Mahaska (S6l Iowa-92-2) and (P-715) 
16318 0-8 5.5 23.9 4.4 18.4 13.3 14.9 62.4 
19 8-13 4 .9  24.7  4.6 18.7 13.6  13.9 56.3 
2 0  13-17 5.0 25.0  22.8 13 .8  12.3  49.3 
21 17-23 5.0 25.8 6.6 25.6  15.0 11.1 43.1 
22 23-30 5.0 28.0 8.7  31.1 16.6  8.6 30.7  
23 30-35 5.2 27.4 8.7  31.8  16.8  7.7 28.1 
24 35-42 5.5 26.1  8.4 32.2  16.0 6.5  24.9 
25 42-51 6.0 24.4 8 . 2  33.6 15.6  4.8 19.7 
26 51-55 6 . 7  24.0 8.2 34.1 15.4 5.0 20.8 
27 55-62 6.8 21.5 7.8  3 6 . 3  14.7  2 . 8  13.0 
2 8  62-67 6 .7  20.5 7.6 37.1 14.1 2.6 12.7  
29 67-75 7.0  20.0 7.2 36.0  12.9  2.0 10.0 
30 75-82 7.2 18.6 — — — — 1.4 7.5 
Table 11. (continued) 
Series C.E.C./ Ex.Me/ Ex.Mg Ex.Ca/ Ex.H/ Ex.H 
name and 100 g 100 g saturation 100 g 100 g saturation 
horizon Depth pH soil soil of C.E.C. soil soil of C.E.C. 
number inches m.e. m.e. % m.e. CD 
Taintor (S6l Iowa-92-3) and (P-716) 
16331 0-7 5 . 8  32.6  7.3 22.4 24.4 9.3 28.5  
32 7-13 5 .6  31.6  9.0 28.5 25.3 7.5 23.7 
33 13-18 6.0 33.0 9.6  29.1 24.6 5.9 17.9 
34 18-23 6.2 31.6  10.0 31.6 23.0  5.3 16.8 
35 23-28 6.4 31.2 10.1 32.4 21.6 4.3 13.8  
36 28-34 6 . 7  30.5 10.0 32.8 20.8 3.7 12.1 
37 34-37 7.0 28.0 8.7  31.1 19.9 4.3 15.3 
38 37-46 7.2 26.4 8.8 33.3 17.9 2.4 9.1 
39 46-53 6.9  24.8 8.6 34.7 16.9  2 .2  8.9 
40 53-64 7.2 22.2 — — — —  — — 1.6 7.2 
41 64-72 7.4 18.6 — " — — — — 0.8 4.3 
42 72-82 7.4 18.0 — — — — — — 1.0 5.6  
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is given in Figure 20. The clay maximum is in the surface 
layers in the Galva and Prlmghar soils. The Otley, Mahaska 
and Taintor have a clay maximum below 12 inches. The Marion 
and Putnam clay curves show maximal textural horizonation. 
In the upper 15 inches, the poorly drained Taintor and 
the imperfectly drained Prlmghar soil's have the lowest potas­
sium content (Figure 21). The better drained Otley, Mahaska 
and Galva soils have the greatest potassium content in the 
surface. The Marion and Putnam soils have intermediate K con­
tents . 
Below the 15 inch depth the Glava and Primghar potassium 
Increases to the highest value for the seven soils, whereas 
the potassium content in the Putnam soil drops to the minimum 
for the seven soils. The Otley, Mahaska, Taintor and Marion 
are closely grouped in the middle of the range. 
The magnesium content of the <0.001 mm fraction increases 
clearly with depth to 35 inches in all profiles (Figure 22). 
The Prlmghar and Galva soils of Northwest Iowa have the high­
est magnesium content, whereas the Marion and Putnam soils 
have the lowest magnesium content. The Otley, Mahaska and 
Taintor soils have intermediate magnesium contents. Magnesium 
content in the profile decreases as development, measured by 
clay distribution, increases. 
Organic matter was not destroyed prior to fractionation 
because of the possible alteration or destruction of clay. 
Figure 20. Distribution of ^ < 0.002 mm clay with depth 
of seven soil profiles studied 
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Figure 21. Profile distribution of potassium in the 
<0.001 mm fraction of seven soil profiles 
studied 
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Figure 22. Profile distribution of magnesium in the 
<0.001 mm fraction of the seven soil profiles 
studied 
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Therefore, a question may be raised as to the Influence of 
organic matter content on the magnesium values of the pro­
files. Brown et (15) determined organic matter in the 
<0.001 mm fractions of a number of soil profiles, some of 
which are quite similar to the soil profiles analyzed in this 
study. The highest values of organic matter they reported 
were 14.4 and 12.7 percent of two surface horizons. Organic 
matter contents of the <0.001 mm fraction decreased with 
depth. If a correction for organic matter were applied to the 
magnesium in the <0.001 mm fraction the slopes of the curves 
above 35 inches in Figure 22 would not be changed appreciably. 
Magnesium and the 17A°/7A° ratio 
The 17A°/7A° ratio is essentially the quantity of mont-
morillonite divided by the quantity of kaolinite. The 17A°/ 
7A° ratios increased with depth to 20 inches for the Marion, 
Putnam, Primghar and Galva soil profiles (Figure 23). The 
17A°/7A° values in the surface were lowest in the Marion soil 
profile. 
The 17A°/7A° ratios are plotted against magnesium values 
in Figure 24. The lines on Figure 24 are included only to 
make comprehension of the data easier. Generally, the trend 
of increasing 17A°/7A° values with increasing magnesium con­
tent is suggested from the data on each profile individually. 
Figure 23. Profile distribution of the 17A°/7A° ratio for four soil 
profiles studied 
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Figure 24. The relationship between 17A°/7A° ratio and % magnesium in 
the <.0.001 mm fraction in four of the soil profiles studied 
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Ex. H xlO/#< 0.002 mm clay and 
the 17AO/7AO ratio 
The 17A°/7A° ratios generally increase with decreasing 
Ex. H xlO/^< 0.002 mm clay ratios in the Galva, Frimghar and 
Marion profiles (Figure 25)• The Marion profile in which the 
greatest range of Ex. H xlO/^< 0.002 mm clay value occurs, 
shows a rapid increase in 17A°/7A° values from the surface 
down to 31 inches (Table 11). Below 31 inches, the 17A°/7A° 
ratios do not increase substantially even though the Ex. H xlO/ 
^< 0.002 clay mm continuously decreases. 
Clay and organic matter contribute to the cation exchange 
capacity. Thus, all the exchangeable hydrogen or magnesium 
is not associated with the clay exclusively. The use of 
Ex. H xlO/^< 0.002 mm clay within a soil profile where organic 
matter content varies greatly seems valid because of the fol­
lowing fact. There is a close direct relationship between 
Ex. H xl0/^< 0.002 mm clay and percent Ex. H saturation of the 
cation exchange capacity as is shown in Figure 26. A similar 
relationship exists between Ex. Mg xlO/%4 0.002 mm clay and 
percent Ex. Mg saturation of the cation exchange capacity 
(Figure 27). 
The Ex. H xlO/^ <0.002 mm clay and Ex. Mg xlO/ ^ 0.002 
mm clay ratios will be used in this study because they bring 
the data to a unit clay basis. The use of these ratios will 
make it easier to demonstrate certain concepts. 
Figure 25» The relationship between the 17A°/7A° ratio and Ex. H xlO/ 
^<0.002 imn for three of the soil profiles studied 
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Figure 26. The relationship between Ex. H xlO/^<0.002 mm clay and 
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Magnesium, Ex. H xlO/^< 0.002 mm clay 
and Ex. Mg xlO/^ <0.002 mm clay 
Magnesium content is linearly related to Ex. H xlO/ 
^ < 0.002 mm clay (Figure 28) and also to Ex. Mg xlO/^< 0.002 
mm clay (Figure 29). These relationships suggest that mag­
nesium content in the clay decreases as exchangeable H in­
creases, Also, the Ex. Mg xlO/^ <0.002 mm clay is an indica­
tion of the magnesium content of the clay .in the soil samples 
studied. The curves showing the profile distribution of Mg in 
<0.001 mm fraction (Figure 22) and Ex. Mg xlO/^< 0.002 mm clay 
curves (Figure 30) are similar. Therefore the use of the 
Ex. Mg xlO/^< 0.002 mm clay ratio as an indication of clay 
weathering within these and similar soils warrants further 
Investigation. 
Figure 28. The relationship between % magnesium in the<0.001 mm fraction 
and Ex. H xlO/^ <0.002 mm clay 
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DISCUSSION 
Many facets of the Mg problem have not been included in 
this study. For example, the Mg in the coarser fractions has 
not been determined and thereby the inter-relationship of Mg 
in coarse and fine fractions has not been evaluated. The 
effect of the original content of Mg of the parent material 
has not been evaluated. The present study, therefore, must be 
viewed as a restricted study of the larger problem of the Mg 
status of the soils of Iowa and adjacent areas. 
The segment of the Mg problem selected in this study was 
guided largely by the following. The amount, profile distri­
bution and general properties of the clay fraction of the sola 
of loess-derived soils of Iowa and adjacent areas are given 
high relevance in the establishment of soil series. Knowledge 
of the geographical location of the amounts and profile dis­
tribution of clay in the various soil series Is increasing. 
Information on the exchangeable Mg is increasing also. How­
ever, information on the content of Mg in the clay fraction of 
the various soil series is essentially nonexistent. Lacking 
such data the hypothesis proposed by Bray (11) that stage of 
development and Mg content are related could not be tested. 
Also the hypothesis proposed by Barshad (4) that exchangeable 
Mg is mainly an expression of the degree to which non-
exchangeable octahedral lattice Mg of the silicate clay has 
been replaced by H ions could not be evaluated. 
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Magnesium and Soil Forming Factors 
Within the soils studied does magnesium in <0.001 mm 
fraction of the B horizon of maximum clay correlate with soil 
forming factors? This was one of the questions which prompted 
this study. The results have shown that magnesium correlates 
with distance from Lyon Co., Iowa (Table 4). 
It has been pointed out in a preceding section that for 
the range of soils studied distance is an expression of cli­
mate over the region. As other soil forming factors varied, 
the variation in magnesium can also be evaluated in the frame­
work of Jenny's (44, p. 15) equation, 
S = f• (cl, o, r, p, t). 
In this equation, S = any soil property, cl = climate, o = 
organisms, r = topography, p = parent material and t = time. 
In the traverse study the soil property, S, is the % magnesium 
in the <0.001 mm fraction of the B horizon of maximum clay 
accumulation. The equation in this study is considered to be 
SMg = f(cl, r, o)p,f 
Parent material and time are not entirely constant, but 
the soil variability due to these two factors has been con­
siderably minimized by the choice of soils. The parent mate­
rial of the soils selected is loess, primarily Tazewell age 
(Ruhe et (62)). Generally, this material is considered 
to have been deposited in the interval from immediate post-
Parmdale time to shortly before pre-Gary time. On this basis 
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the maximum time of Tazewell loess deposition would be 10,000 
years, or from about 25,000 years before present to about 
14,000 years before present (62). 
This is a much shorter loess deposition period than used 
by Smith (66) in his study of soil differences along an Illi­
nois loess traverse in 1942, and by Button (41) in a southwest 
Iowa loess traverse study in 1948. They attributed a large 
part of the soil differences along their respective traverses 
to differential loess deposition over the traverse during the 
extended Peorian inter-glacial interval which was then thought 
to have lasted for about $0,000 years. They also assumed 
leaching and some soil formation had occurred during loess 
deposition. That appreciable soil formation occurred during 
the loess deposition is in need of re-examination. Ruhe et 
al. (62) have pointed out that in the northern part of the 
Sharpsburg soil area in southwestern Iowa, soil development 
on a stable upland position apparently had reached only the 
A-C horizon stage at the end of loess deposition. Perhaps the 
soils farthest removed from the Tazewell border would have 
advanced slightly more than the A-C profile stage, but the 
long time interval with concurrent leaching and weathering 
postulated by Smith (66) and Button (4l) apparently is not 
valid. Therefore, it is assumed in this study that the time 
factor of soil formation is perhaps not greatly different for 
the soils studied. 
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Parent material changes were also considered by Smith 
(66) and Button (41) to have contributed to the soil differ­
ences along their respective traverses. Within the area of 
soils included in this study the loess probably has a variety 
of differences. The loess of the Illinois traverse (66) has 
an original calcium carbonate equivalent of about 25 percent. 
Whereas, the loess of southwest Iowa has a maximum calcium 
carbonate equivalent of about 15 percent (Dahl (23)). How­
ever, it is not possible at present to quantify the loess 
differences in the various parts of the study. Therefore, to 
test the influence of climate on Mg content, the parent mate­
rial factor will be assumed to be constant. 
Organisms, especially kind of vegetation, vary for the 
soils of the study. As kind of vegetation is not wholly inde­
pendent of climate, it is not possible to adequately evaluate 
the influence of vegetation. That vegetation influence on 
magnesium content is not great is shown by the small unsys­
tematic variation in percent magnesium in the <0.001 mm frac­
tion of the B horizon of maximum clay accumulation between and 
within vegetative sequences in southeast Iowa (Table 12). For 
example, Tama, a well drained prairie soil, had 1.18 percent 
magnesium and Fayette, a well drained Gray-Brown Podzolic soil, 
had 1.19 percent magnesium. The magnesium content of the 
Taintor sample, a Wiesenboden, was 1.18 percent and the magne­
sium content of the Berwick, a forested Pianosol, was l.l4 
Table 12. Magnesium in the <0.001 mm fraction of the B horizon of maximum clay 
accumulation from a bio-topo-sequence in southeast Iowa 
Vegeta­
tion 
Well 
Soil SÔÏÏ % Mg in 
sample series <0.OOlmm 
no. name fraction 
Drainage class 
Imperfect Poor 
Soil 
sample 
no . 
Soil 
series 
name 
% Mg in 
<0.doimm 
fraction 
Soil Soil% Mg in 
sample series <0.OOlmm 
no. name fraction 
Prairie 
Prairie/ 
Forest 
Forest 
Prairie 
Prairie/ 
Forest 
Forest 
15 Tama 
18 Otley 
1.18 
22 Downs 1.10 
26 Fayette 1.19 
1.18 
23 Ladoga 1.21 
28 Clinton 1.15 
32 Muscatine 
36 Mahaska 
4-3 Givin 
48 Keomah 
1.08 
41 Âtterberry l.-»!? 
46 Stronghurst 1.18 
1.13 
1.14 
1.20 
50 Garwin 1.12 
56 Walford I.I8 
59 Traer I.I7 
52 Taintor 1.18 
57 . Rubio 1.02 
60 Berwick 1.14 
Prairie 
Prairie/ 
Forest 
Forest 
37 Grundy 1.15 
44 Pershing I.I3 
49 Weller 1.11 
54 Haig 1.05 
58 Belinda 1.12 
61 Beckwith 1.02 
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percent. It is not possible to adequately evaluate the influ­
ence of vegetation at this time. Therefore, vegetation, or 
organisms are treated as a constant, as are parent material 
and time in the following equation. 
The general equation then becomes Sj^jg = f(cl, r)o,p,t' 
Climate was divided into mean annual precipitation (P), and 
mean maximum July temperature (T). The only component of 
topography evaluated was slope (8). Therefore, Sj^^g = 
f'(P, T, S). This relationship was evaluated by means of a 
multiple regression equation. The equation developed is: 
Y^g = 4.021 - .0468P + .00043P2 - .021T + .01883 
with an = .72 and a standard error = .059» 
The coefficient of determination, 100 = 72^» is the 
percent reduction in the sum of squares of Y^g attributable 
to the combined effects of P, T and S. 
A breakdown of the coefficient of determination shows 
that when evaluated in the order of precipitation, temperature 
and slope the contributions from each are 59» 6 and 7 percent, 
respectively. Evidently precipitation is the most important 
factor in this case and both temperature and slope explain 
small but significant amounts of variation in magnesium con­
tent of the <0.001 mm fraction in the horizon of maximum 
clay accumulation. 
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Magnesium as a Soil Classification Criterion 
Is magnesium in the <0.001 mm fraction a useful datum 
for series development? This was the second question asked. 
The results bear some possibilities for guide lines on 
soil classification. Marbut (51a., p. 90) listed eight cri­
teria for soil differentiation. These are: 
(1) Number of horizons In the soil profile. 
(2) Color of the various horizons, with special 
emphasis on the surface one or two. 
(3) Texture of the horizons. 
(4) Structure of the horizons. 
(5) Relative arrangement of the horizons. 
(6) Chemical composition of the horizons. 
(7) Thickness of the horizons. 
(8) Geology of the soil material. 
For the last several decades exchange characteristics of 
the soil have been some of the more important chemical compo­
sition features used. Chemical analyses of various fractions 
has only been used sparingly, perhaps primarily because of 
their prohibitive cost. However, with new more rapid methods 
of analyses total chemical analyses of various fractions may 
now be more readily obtained. Thus, the use of chemical com­
position as series criteria can be re-evaluated. 
The concepts of crystalllnlty of the clay fraction and 
specific crystal significance of various ions such as Mg, Al, 
Fe and 31 raise new aspects of the Importance of chemical 
compositions of soils. Work by Jackson et (43) and 
Fleldes and Swlndale (32b) on mineral weathering sequences 
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has raised questions about the need for more studies to aid 
in understanding- the chemical composition of soils. Soil 
genesis with regard to clay mineral transformations and pro­
cesses may be more clearly elucidated with chemical composi­
tion data. These data may also become useful as classifica­
tion criteria. 
More specifically one may ask whether Primghar and 
Mahaska can be differentiated on the basis of chemical com­
position of the <0.001 mm fraction. Turner (73) has class­
ified the Primghar series as an Aquic Hapludoll and the 
Mahaska as an Aquic Argiudoll. The criteria used by Turner 
were B/A clay ratios (1.0 to 1.1 for the Primghar and slightly 
less than 1.4 for the Mahaska) and clay films (present in the 
Mahaska and absent in the Primghar soil). 
The Mg and K profiles are diagnostically different for 
the Primghar and Mahaska soil profiles (Figure 31). That this 
is not just a chance variation is substantiated by the vari­
ation of magnesium with distance in miles from Lyon Co., Iowa 
within all drainage classes of the Brunizems (Figure 32). 
Thus on the basis that (a) magnesium variation in the 
main was explained by climate which is a regional variable 
and (b) the difference of the Mg profile on similar soil 
series, it is suggested that the series studied should not be 
very wide geographically in this region. 
Figure 31. Profile distribution of %<0 ,.002 mm clay, 
% magnesium and % potassium i.n the <0.001 mm 
fraction with depth in a Priaughar and a 
Mahaska soil profile 
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Magnesium and Soil Weathering 
The third question asked was, what are some of the pos­
sible explanations for the magnesium profile? 
The sequence of soil formation events proposed by Bray 
and DeTurk (12) were as follows. Primary minerals alter to 
secondary minerals. In the early stages of soil development 
a neutral soil is formed, and an acid soil is formed in later 
stages. As leaching continues clays disperse and move downward. 
That primary minerals alter to secondary minerals has 
been shown or Inferred by various authors. Jackson et 
(43) have suggested that mica alters to illite. Illite alters 
to mica-intermediates and they in turn alter: to montmorll-
lonite. White (87) has shown that illite is altered to mont-
morillonite by precipitating illite K with sodium cobalti-
nitrite. In a weathering profile Brophy (14) found that the 
clay enriched zone corresponded with the zone of maximum de­
pletion of hornblende and garnet. DeVore (2?) said it is 
probable that units from (100)-(010) surfaces of feldspar can 
polymerize directly into mica sheets. 
Bray (10) postulated that the lower Mg values in the sur­
face horizons were due to movement downward of the finer, high­
er Mg bearing particles from the soil surface layers. How­
ever, data on the Galva and Primghar soils contradict Bray's 
proposal. Prom the data on the Galva profile (Figure 33) 
it is suggested that magnesium is in the process of being 
Figure 33» The distribution of ^< 0.002 mm clay, 17A°/7A 
ratio, % magnesium and % potassium in the 
<0.001 mm fraction in the Galva soil profile 
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depleted before clay moves. In this soil the clay maximum is 
in the surface horizons, but the Mg and 17A°/7A° ratios are 
at their minimums in these horizons. Thus, it seems that, -
before clay moves magnesium is depleted from the clay and lat­
tice decomposition occurs. Glenn et al. (35) have found most 
amorphous material in the surface horizons of a Tama silt loam 
from southwestern Wisconsin. This might be the result of 
greater Mg and A1 depletion from octahedral positions of clay 
minerals. 
Suggestions for Further Study 
1. More accurate measurements of precipitation and slope 
should be made and correlated with magnesium. 
2. Soil temperature should be the temperature parameter. 
A more realistic parameter would include mean daily soil 
temperature over the number of frost free days. This is sug­
gested because it is assumed that chemical reactions involving 
Mg are most active during frost free days and are temperature 
dependent. 
3. Variability of Mg within the parent material should 
be established. In some cases the soil is formed to such 
depths that all material is altered. In these cases only the 
least altered material can be identified. This aspect of a 
study might include the weathering of various mineral species 
within the silt and clay fractions. Bray (10, 11) reported 
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differences in Mg content of various clay fractions from the 
same horizon. Magnesium data on the silt fractions are vir­
tually nonexistent. 
4. The use of Ex. Mg xlO/^< 0.002 mm clay as an indica­
tion of clay weathering in the region should be tested fur­
ther. Data on Ex. Mg and ^<0.002 mm clay are available. 
5. The relationship of magnesium content and 17A°/7A° 
ratio should be explored further. 
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SUMMARY AND CONCLUSIONS 
Variations in magnesium content have been explained 
mainly by variations in the mean annual precipitation. This 
lends support to the assumption that precipitation in the past 
varied approximately in proportion to precipitation as meas­
ured today. In a multiple regression analysis temperature, 
measured as mean maximum July temperature, contributed a sig-
p 
nificant amount to the R value. This supports the use of 
climate for explaining variations in certain soil properties. 
Estimates of these soil forming factors are readily available 
so further studies of this type should be attempted. 
In addition to the variation in magnesium content 
attributed to soil forming factors, the differences in mag­
nesium and potassium profiles support the concept of restrict­
ing soil series to a rather narrow geographical extent within 
the study region. 
Correlation coefficients have been determined between 
magnesium and another twenty variables within each of the nine 
groupings of soil. These correlation coefficients have been 
considered and the highest correlations within various groups 
of soils have been presented. The full exploration of these 
relationships was not the intent of this study, therefore 
further work in this area is suggested. 
Data have been presented to support the assumption that 
within the Prairie formed soils of Iowa the predominance of 
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processes is in the following order: (a) formation of clay, 
(b) alteration of clay as indicated by magnesium content, 
and (c) movement of clay. The Putnam soil shows maximal 
movement of clay and an increase of Mg and 17A°/7A° ratios 
with depth. The Taintor, Otley and Mahaska soils have lesser 
movement of clay. The Primghar and Galva soils have clay 
maximums in the surface horizons but display the same increase 
in Mg and 17A°/7A° ratios with depth. These data are the 
basis for the statement on order of processes. 
Data from soils in the field have been presented to sup­
port laboratory evidence reported by Barshad (3, 4) and Cole­
man and Craig (20) that H ions remove Mg from within the clay 
to supplement the exchangeable Mg. 
Data have been presented to support the concept that 
clay destruction occurs most extensively in the surface hori­
zons of soils in the study region. 
The use of chemical composition data as soil classifica­
tion criteria has been suggested. However, these data prob­
ably should be secondary rather than primary criteria for 
classification of soils in this study region. 
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APPENDIX A. SELECTED INFORMATION ON ADDITIONAL SOILS 
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Name of Series: Tentative as Ladoga, variant (P-751) 
Location; Near center of sec. 32, T 94, R 3 8 ,  Clay County, 
Iowa. West of road and just northwest of building 
site located on opposite side of road. 
Vegetation: Edpe of timber, bluegrass cover. 
Relief & drainage: Narrow ridge crest high above valley of 
Little Sioux River. Slope of 2-J% at site 
of description. Well drained. 
Collected by: Fisher and Protz, November 1964. 
Described by: Fisher, Turner, and Tyler, June 10, 1958» 
Horizon Depth pH Description 
AT 0-6" Black (lOYii 2/1) silt loam; very fine 
5" 6.8 
granular structure with weak, very fine 
platy at base of horizon; friable; 
boundary clear. 
Mixed lOYR 2.5/1 and 3«5/1 silt loam; 
very fine granular structure; friable; 
boundary clear. 
Heavy silt loam; moderate, fine subangu-
lar blocky structure with lOYR 3*5/2 
coatings (lOYH 5/2, dry) and lOYR 3-5/3 
ped interiors; friable; boundary gradual. 
Medium silty clay loam; strong, fine 
angular blocky structure breaking to very 
fine, lOYfl 4/2.5 ped coats and lOYR 4/3 
6-10" 
AoB 2*1 10-14" 1 2 "  6 . 2  
Bon 14-25" 
18" 6.4 
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interiors; moderately firm; fairly thick, 
continuous clay skins; boundary gradual. 
Bpz ' 25=36" Medium silty clay loam; strong, fine to 
29" 5.9 
medium angular and subangular blocky 
structure, lOYR 3*5/3 ped coats and 
lOYH 4/3 interiors; moderately firm; 
nearly continuous clay skins; boundary 
gradual. 
Bq 36-^8" lOYR 4/3 lirht silty clay loam; weak 
^ 48" 5.5 
medium blocky (rather large vertical 
faces lOYR 4/2 in color) (lOYH 6/3, dry), 
patchy clay skins on the vertical faces, 
fading out with depth; slightly firm. 
Description from spade hole. 
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Soil Type: Ladoga silt loam (P-752) 
Location; Guthrie Co., Iowa, T 78 N, R 32 W, sec. 5» ME 1/4, 
NW 1/4, NW 1/4 
Vegetation: Edge of timber, grass cover 
Slope: 5 percent 
Described by: R. C. Russell and R. L. Mendenhall, I963 
Collected by: R. L. Mendenhall and fi. Protz, October 1964 
Horizon Depth 
Ai 0-5" 
A2 5-9" 
B]_ 9-14" Dark brown (lOYR 4/3) light silty clay loam; 
kneaded dark brown (lOYR 4/3); dry, light 
gray (lOYR 4/2); weak fine subangular blocky 
structure; common dark gray (lOYR 4/1) ped 
Description 
Mixed very dark gray (lOYR 3/1) very dark 
grayish brown (lOYR 3/2) heavy silt loam; 
kneaded very dark gray (lOYR 3/1); dry, gray 
(lOYR 6/1); moderate fine granular structure; 
friable; fine tubular pores; friable; pH 6.8; 
clear boundary. 
Kneaded dark grayish brown (lOYR 4/1.5) silt 
loam; dry, light gray (lOYR 7/2); weak, 
medium platy, breaking to moderate very fine 
angular and subangular blocky structure; com­
mon very dark gray (lOYR 3/1) ped coatings; 
friable; pH 6.6; abrupt boundary. 
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coats; friable; pH 6.0; ,gradual boundary. 
B21 14-19" Brown (7.5YR 5/^) to yellowish brown (lOYR 
5A) medium silty clay loam; kneaded, brown 
(7.5YR 5A) to yellowish brown (lOYR 5/4); 
weak, medium subangular blocky breaking to 
moderate to stronp: fine angular and subangu­
lar block structure; nearly continuous dark 
brown (7«5YH 4/2) ped coats; friable; pH 6.0; 
gradual boundary. 
B22 19-25" Yellowish brown (lOYH 5/4) medium silty clay 
loam; kneaded brown (7.5YR 5/4) to yellowish 
brown (lOYE 5/4); moderate, medium subangular 
blocky breaking- to moderate, fine subangular 
and strong very fine angular blocky struc­
ture; slightly firm; nearly continuous dark 
brown (7.5YR 4/2) grainy ped coats; pH 5*4; 
gradual boundary. 
B23 25-32" Brown (lOYR 5/3) medium silty clay loam; 
moderate, fine angular to subangular blocky 
structure; few dark brown (lOYR 4/3) clay ped 
coats; few black oxides; slightly firm; pH 
5.4; gradual boundary. 
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Bj 32-^5" Brown (lOYR 5/3) light silty clay loam; com­
mon fine to medium light olive gray (5Y 
6/2) mottles; weak, fine angular blocky 
structure; brown (lOYE 4/4 to 7.5YE 4/4) 
clay coats; common brown (7.5YR 4/2) clay 
films; slightly firm; pK 5.4; gradual 
boundary. 
C 45"+ Brown (lOYH 5/3) light silty clay loam; com­
mon fine to medium light olive gray (5Y 
6/2) mottles; massive; occasional brown 
(7.5YR 4/2) clay films; friable; pH 5*4. 
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Soil Type: Givin silt loam (P-753) 
Location: Keokuk County, Iowa, T 76 K, fi 11 W, sec. 24, 
530 feet west and 300 feet north of the SE 1/4 
SW 1/4 
Slope: 1 percent 
Collected by: J. D. Highland and P. P. Riecken, October 1964 
Described by: J. D. Highland and R. Protz, October 1964 
Horizon Depth Description 
Ap 0-8" Very dark grayish brown (lOYH 3/2) kneading 
to lOYR 3/2; light brownish gray (lOYR 6/2) 
dry; friable silt loam with massive to coarse 
subangular blocky breaking to weak fine 
granular structure; abrupt boundary. 
À2 8-12" Dark grayish brown (lOYS 4/2) with discon­
tinuous lOYE 3/2 ped coats; kneading to dark 
grayish brown (2.5Y 4/2); light brownish 
gray (lOYR 6/2) dry; friable silt loam; weak 
coarse platy breaking to moderate fine platy 
structure; when dry plates are discontinu-
ously coated with light gray (lOYH 7/1) 
grains; abrupt boundary. 
B]_ 12-16" Very dark grayish brown (lOYR 3/2) exteriors 
and dark grayish brown (lOYR 4/2) interiors; 
kneaded to dark grayish brown (lOYR 4/2); 
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friable light silty clay loam with moderate 
fine subangular blocky structure; dry peds 
coated with nearly continuous light brownish 
gray (lOYH 6/2) grains; gradual boundary. 
®21 16-23" Dark grayish brown (lOYH 4/2) exteriors with 
dark brown (lOYH 4/3) interiors and a few 
fine faint yellowish brown (lOYK 5/4) mot­
tles; few fine dark reddish brown (5YH 3/2) 
and dark brown to brown (7«SYR 4/4) oxides; 
friable silty clay loam with moderate fine 
subangular blocky and fine angular blocky 
structure; when dry nearly continuous light 
gray (lOYR 7/I) grainy coats; gradual 
boundary. 
B22 23-34" Dark grayish brown (lOYR 4/2) and grayish 
brown (lOYR 5/2) exteriors with dark grayish 
brown (lOYH 4/2) interiors; kneaded to brown 
(lOYR 5/3); common fine distinct yellowish 
brown (lOYR 5/6) and strong brown (7.5YR 
5/6) mottles; few dark brown to brown (7«5YR 
4/4) and dark reddish brown (5YR 3/2) oxides; 
few discontinuous dark grayish brown (lOYR 
4/2) and very dark grayish brown (lOYR 3/2) 
clay films; when dry few patchy light brownish 
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gray (lOYR 6/2) grainy coats; friable to firm 
heavy silty clay loam; weak medium prismatic 
breaking to weak medium subangular blocky and 
angular blocky structure; gradual boundary. 
B23 34-42" Mottled dark grayish brown (lOYR 4/2), gray­
ish brown (lOYR 5/2), and yellowish brown 
(lOYR 5/6) ped interiors; nearly continuous 
dark grayish brown (lOYR 4/2) clay films; 
kneaded light olive brown (2.5Y 5/4); common 
dark reddish brown (lOYR 3/2) and dark brown 
to brown (7.5YH 4/4) oxides; friable to firm 
medium silty clay loam with weak moderate 
prismatic breaking to weak coarse blocky 
structure; gradual boundary. 
B3 42-50" Very dark pray (lOYR 3/I) and very dark gray­
ish brown (lOYR 3/2) clay films on prism 
faces with very dark brown (lOYR 2/2) clay 
fills in root channels; kneaded to grayish 
brown (2.5Y 5/2); many distinct yellowish 
brown (lOYR 5/6) and weak red (2.5YR 5/2) and 
few strong brown (7.5YR 5/6) mottles; common 
dark reddish brown (5YR 3/2) and brown 
(7.5YR 5/4) oxides; few clay balls; friable 
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medium silty clay loam with weak medium to 
coarse prismatic structure. 
All horizons sampled; horizons B22» B23, B3 were subsampled. 
I 
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Table I3. Particle size analysis of Puto.am (P-186), 
Marshall (MI), Marshall (Mil), Givin (P-753) 
and selected horizons of Ladoga varient (P-751)» 
Ladoga (P-752) and Clinton (P-750) 
Horizon 
number 
Depth 
in 
inches Horizon 
Particle size mm (percent) 
2»0— 0»05"" 0-02-
0 .05  0 .02  0 .002  <0 .002  
Putnam®" P-186 
-1 0-6 Ai 2.1 36.2 47.9 13.8 
2 6-11 ^12 2.0 26.8  51.0 20.2 
3 11-17 A2 5.1 32.2 39.5 23.2 
4 17-22 B2 1.7 12.8 25.2 60.3  
5 22-29 ®21 1.5 13.4 27.7 57.3 
6 29-35 P 2.5 15.4 34.9 47.2 7 35-43 2.8  16.3 43.8 37.1 
8 43-48 2.7 18.3 40.1 38.2 
Marshall MI^ 
1 0-11 4 0.8 36.9  32.8 29.5 
2 11-19 A3 1.7 29.8 38.5 29.9 
3 19-28 Bl 2.1 32.2 31.3 34.4 
4 28-37 B2 2 .8  37.6 32.4 27.2 
5 37-43 2.4 37.8 32.5 27.3 
6 43—54"'" 2.7 37.4 32.3 27.6 
Marshall MII^ 
1 0-12 ^1 2.1 30.1 37.5 30.3 
2 12-20 A3 2.0 29.7 34.6 33.7 
3 20-29 Bl 2.2 29.6  34.0  •34.2 
4 29-37 B2 2.6 32.7 32.6 32.0 
5 37-44 B3 2.9 35.2 33.1 28.8  
6 44-54 2.7 33.7 33.6 30.0 
^Description and additional data in "Godfrey (36). 
^Descriptions in Wells (84, pp. I77-I8O). 
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Table 13 .  (continued) 
Horizon 
number-
Depth 
in 
inches Horizon 
Particle size mm (percent) 
2,0— 0»05~ 0«02— 
0 .05  0 .02  0 .002  <0 .002  
Givin P-753 
P-753-1 
2 
: 
I 
7 
8 
9 
10 
P-751-1 
4 
P-752-1 
4 
P-750-1 
5 
0-8 
8-12 
12-16 
16-23 
23-28 
28-34 
34-38 
38-42 
42-46 
46-50 
0-6 
14-25 
0-5 
19-25 
0-2 
21-33 
I B21 
B22 
B22 
B23 
B3 
Ladoga varient P-751 
1.0 39.3 40.7 19.3 
2.6 30.7 43.4 23.3 
2.9 29.7 39.3 28.2 
1.8 26.8 36.2 35.2 
1.7 26.6 32.8 39.0 
1.5 30.4 31.4 36.8 
1.3 32.4 32.3 34.0 
1.0 30.2 32.8 36.0 
1.0 29.7 33.6 35.8 
0.8 30.5 32.0 36.7 
^1 
B2I 
Ladoga P-7 52 
Al 
B22 
0 . 6  
0.5 
A 
B 
ClintonC P-750 
1.2 
0.8 
43.9 
32.0 
45.3 
42.8 
53.3 
30.7 
2 8 . 0  
29.6 
32.3 
28 .8  
35.8 
2 2 . 2  
19.7 
34.8 
21.8 
37.9 
19.7 
36.3 
^Described in Dideriksen (29). 
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Table 14. Cation exchange capacity, exchangeable calcium, 
exchangeable magnesium, pH and percent organic 
carbon on the Putnam (P-186), Marshall (MI), 
Marshall (Mil) and Givin (P-753) 
Horizon 
number 
Depth 
in 
inches 
m.e. per 100 g of soil 
Horizon C.E.C. Ex.Ca Ex.Mg pH 0.C.& 
Putnam 
P-186-1 
2 
2 
I 
7 
8 
1 
2 
3 
4 
5 
6 
0-6 
6-11 
11-17 
17-22 
22-29 
29-35 
35-43 
43-48 
0-11 
11-19 
19-28 
28-37 
37-43 
43—54+ 
1 0-12 
2 12-20 
3 20-29 
4 29-37 
5 37-44 
6 44-54 
P-753-1 0-8 
2 8-12 
3 12-16 
4 16-23 
5 23-28 
6 28-34 
7 34-38 
8 38-42 
9 42-46 
10 46—50 
Al 
Ï 
B2I 
B3 
I 
; 
Al 
1 
B^l 
B22 
B22 
if 
14.1 7.0 2.2 
13.9 6.2 1.6 
15.5 5.9 2.2 
42.2 15.3 8.9 
39.4 15.3 9.1 
33.0 14.6 8.8 
28.9 13.8 8.5 
27.3 14.1 8.1 
Marshall MI 
23.1 11.7 3.9 
23.6 12.3 4.7 
23.5 12.3 5.7 
21.2 11.7 5.9 
21.0 11.0 6.3 
21.7 12.0 6.7 
Marshall Mil 
22.3 12.7 4.2 —  —  —  —  
21.8 11.8 5.4 —  —  — —  
23.9 11.8 6.4 — —  —  —  
23.9 11.3 6.7 — —  —  —  
22.2 11.0 6.3 — —  —  —  
23.3 13.2 6.9 - -
Givin P-753 
1.67 13.9 9.7 1.6 5.9 
13.1 9-7 2.6 5.8 .91 
16.3 8.9 4.3 5.4 .63 
22.2 11.4 6.3 5.2 .57 
27.8 14.2 8.7 5.1 .45 
27.3 13.0 8.3 5.1 .34 
25.8 11.5 8.3 5.1 .27 
25.4 12.2 8.6 5.3 —  —  
25.7 12.1 9.0 5.2 —  —  
26.2 12.8 9.5 5.2 — — 
^Analyses by P. H. Walker. 
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APPENDIX B. ADDITIONAL MAGNESIUM DATA 
178 
Table 15» Magnesium contents of the 0.002-0.001 mm and 
<0.001 mm fractions of selected samples and some 
associated C-horizons fractionated using dilute 
NaOH as a dispersant 
B-horizon C-horizon 
% Me: in % Mg in 
0.002- Det)th 0.002-
Sample 0.001 <0.001 in 0.001 4.0.001 
number mm mm inches mm mm 
1 1.44 1.56 44-50 1.58 1.93 
2 1.20 1.49 —  —  — —• —  —  
3 1.11 1.54 —  —  wm M 
4 1.11 1.34 — —  —  —  —  —  
5 1.30 1.34 —  —  —  —  —  —  
6 1.34 1.60 42-48 1.28 1.63 
7 1.25 1.32 —  —  —  —  —  —  
9 1.04 1.36 43-54 1.12 1.60 
10 1.05 1.38 44-54 1.19 1.56 
11 1.07 1.37 44-57 1.35 1.63 
12 0.67 1.22 — —  —  
14 1.12 1.40 53-60 1.25 1.58 
16 1.11 1.27 51-61 1.16 1.48 
17 1.04 1.32 37-46 1.07 1.50 
19 1.21 1.38 - - —  —  -  —  
29 1.25 1.54 — —  -  —  --
30 1.32 1.49 —  - -  —  —  —  
33 0.95 1^5 60-70 1.07 1.40 
34 0.98 1.32 —  —  —  —  
36 1.20 1.27 — — —  —  - -
38 1.05 1.20 95-105 1.34 1.58 
39 1.17 1.37 — —  —  - -
40 0.96 1.26 — —  —  —  —  —  
50 1.09 1.26 — —  — —  - -
53 1.15 1.39 —  —  —  —  —  —  
55 1.05 1.24 49-53 1.07 1.54 
63 1.43 1.56 — — —  — —  
64 1.32 1.49 — —  —  —  —  —  
67 1.28 1.46 —  —  — — —  —  
69 1.25 1.42 37-48 1.40 1.65 
70 0.97 1.33 47-60 1.42 1.61 
73 1.20 1.32 49-62 1.05 1.42 
74 0.70 0.97 —  —  - - - -
76 1.00 0.91 - - —  —  —  —  
77 0.77 0.98 27-35 0.94 0.99 
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APPENDIX C. THE 
AND EXCHANGEABLE 
BY ATOMIC 
DETERMINATION OF NON-EXCHANGEABLE, 
MAGNESIUM AND EXCHANGEABLE CALCIUM 
ABSORPTION SPECTROPHOTOMETRY 
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Determination of Silicate Clay Magnesium by 
Atomic Absorption Spectrophotometry^ 
The determination of Mg in silicates by standard silicate 
analysis Is a difficult, time consuming analysis and requires 
expert, well trained analysts. A rapid, accurate method has 
been sought for a long time. Atomic absorption spectrophoto­
metry promises to be such a method. 
Background 
Exchangeable Mg has been determined by atomic absorption 
spectroscopy by David (24). Interferences due to Al, S, and 
POj^ at concentrations up to l6o ppm and up to 64 ppm of Si 
were removed by the addition of 1,500 ppm of Sr while deter­
mining Mg at concentrations of 4 and 20 ppm. Recovery of 
added Mg ranged between 97-105'^• 
Elwell and Gidley (32a) reported that Sr at concentra­
tions of 0.75 g/100 ml suppressed interferences due to Al at 
concentrations from 0.05 to 0.25 g/100 ml in determining Mg 
at concentrations of 5 g/ml, also by atomic absorption spec­
troscopy. They also found that HCl at concentrations up to 
1.0 g/100 ml did not interfere in the presence of strontium. 
Billings and Adams (8) used La to remove interferences in 
determining Mg in silicate rocks. They found the ratio of La 
iThis is essentially the manuscript of a proposed paper 
authored by H. Protz and E. L. DeKalb. 
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to Al should be< 10 in the sample solution. 
Development of method 
The influence of various Sr concentrations on the absorb-
ance of the 2852 wavelength as the only elements present 
and in the presence of A1 and Pe was examined (Figure 34). 
The lines are nearly parallel between 2,000 and 8,000 ppm Sr 
for the two solutions. On this basis a concentration of 4,000 
ppm Sr with varying Mg concentrations was used as a standard. 
Analytical procedure for silicate Mg 
Silicates were decomposed by HP and HCIO4 following the 
method outlined by Jackson (42). The residue was dissolved 
by 8 mis of 5 N HCl and diluted to a $0 ml volume. 
Solutions containing from 1 to 8 ppm Mg and 4,000 ppm Sr 
were analyzed using a Perkin-Elmer 214 atomic absorption 
spectrophotometer with the following settings: 
Mg hollow cathode current 5 ma 
Propane 5»1 psi 
Air 12 .9  psi 
Beam levels 75 a 
Slit 50 
Wavelength 2852 A° 
A standard curve was made by using Mg concentrations of 
1, 2, 5, 10 and 15 ppm, each in the presence of 4,000 ppm Sr. 
Figure 3^. The influence of Sr on Mg alone and on Mg in the presence of A1 and Pe 
I  m 
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Precision and accuracy data 
The magnesium content of two clay samples previously 
analyzed by Kerr £t (48) were determined (Table l6). The 
determinations by atomic absorption agree well with the re­
ported values. 
Table 16. Comparison of atomic absorption Mg determinations 
on standard clay minerals, with reported values 
MgO 
Kerr Atomic 
A.P.I, sample and No. et al. (48) absorption 
Montmor illonite, 
Belle Pouche, S.D. 
No. 27 
Mixed layer aggregate, 
Catawba, Virginia 
No. 38 
2.65 2.52 
1 .55  1 .52  
Magnesium contents of eleven samples, determined by 
spectrographic methods (by J. B. Jones, Ohio Agricultural Ex­
periment Station, Wooster, Ohio) and by atomic absorption 
spectroscopy are compared in Table I7. Only four of the elev­
en samples deviated by 10^ or slightly more. 
The recovery of added Mg on the standard clay samples 
and three soil clay samples is given in Table 18. The recov­
eries were from 96-106fo which is of the same order as those 
reported by David (24.) for exchangeable Mg. 
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Table 1?• Comparison of Mg determined by spectrographic and 
atomic absorption method 
% Mg 
Soil Atomic 
sample Spectrographic^ absorption Difference 
9 1.20 1.36 + .16 
11 1.35 1.37 + .02 
12 1.15 1.22 + .07 
26 1.05 1.06 + .01 
33 1.20 1.25 + .05 
47 1.15 1.10 -.05 
59 1.10 1.04 -. 06 
60 1.15 1.09 -.06 
62 1.00 .90 -.10 
63 1.40 1.56 +. 16 
77 .85 .98 + .13 
^Determined by Dr. J. B. Jones, Ohio Agricultural Ex­
periment Station, Wooster, Ohio. Personal communication. 
1964. 
Table 18. Recovery of added Mg 
Mg in ppm 
Sample 
no. Initial 
Quantity 
added Final Recovery 
Percent 
recovery 
A.P.I. 
No. 38 5.6 5.0 10.8 5.2 104 
A.P.I. 
No. 27 8.5 5.0 13.8 5.3 106 
Soils 
7 
74 5.8 
5.0 
5.0 
5.0 
12.7 
12.4 
10.6 
4.8 
4.8 
4.8 i 
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One hundred and ten clay samples were analyzed in dupli­
cate. The mean deviation between duplicates was .03 percent. 
The clay samples range in magnesium content from 0.7^ to 1.6l 
percent. 
Determination of Exchangeable Calcium and Magnesium 
Using Atomic Absorption Spectrophotometry 
Exchangeable magnesium determinations were done using 
the same standards and machine settings as for nonexchange-
able magnesium. 
Exchangeable Ca standards were made using concentrations 
of 50» 100, 200, 500 and 1,000 ppm Ca in the presence of 4,000 
ppm Sr. The wavelength used was 422? A° but all other settings 
were the same as for magnesium. 
The determination of Ca by atomic absorption spectro­
scopy as reported here requires further investigation, because 
results were about 15^ less than those reported by the Lincoln 
Soil Survey Laboratory. 
